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INHIBXTIOM OF LYMPHOCYTE ADHERENCE TO VASCULAR 
ENDOTHELIUM UTILIZING A NOVEL EXTRACELLULAR 
MATRIX RECEPTOR-LIGAND INTERACTION 



1. INTRODUCTION 

The present invention relates to a method for 
inhibiting the adhesion of one cell to another. It is based 
on the discovery that the aAfil extracellular matrix 
receptor proaotas adhesion of lymphocytes to endothelial 
cells via attachment to a defined peptide sequence. In 
particular embodiments of the invention, monoclonal 
antibodies or peptides may be used to inhibit binding of 
lymphocytes to endothelial cells, thereby preventing 
lymphocyte entrance into tissue and suppressing -the immune 
response . 
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2. BACKGROUND OF THE INVENTION 
2.1. EXTRACELLULAR MATRIX RECEPTORS 

Specific cell surface receptors (R) for 
extracellular matrix (ECM) components such as collagen, 
fibronectin and laminin have been described (reviewed by 
Hynes, 1987, Cell, 48:549-554 t Hemler, 1988, Immunol. 
Today, 9:109). The functions of the extracellular matrix 
receptors (ECMRs I, II and VI) have been defined by 
affinity chromatography (Wayner and Carter, 1987, J. Cell 
Biol., 105:1873-18841 Staatt et al., 1989, J. Cell Biol., 
198: 1917-1924) and by preparing monoclonal antibodies that 
specifically inhibited the interaction of calls with 
29 purified ligands (Wayner and Carter, 1987, J. Call Biol. 
105:1873-1884) or ECM (Waynar at al., 1988, J. Call Biol. 

107:1881-1891). 

A variety of ECMRs have been identifiad using 
these techniques. Using monc lonal antibodies, Wayner and 
Carter (1987, J. Cell Biol. 105:1873-1884) identifiad two 
classes of call surface receptors for native collagen in 
human fibrosarcoma cells; class I was involved in cell 
adhesion to collagen, fibronectin and laminin, whereas 
class II was involved in cell adhesion only to native 

35 
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collagen. Wayner at al. (1988, J. Call Biol. 107:1881- 
1891) identified monoclonal antlbodiaa that Inhibit hvuean 
call adhesion to collagen (P1RS) , fibronactin (P1F8 or 
P106) and both collagen and fibronactin (P1B5) ; P1F8 and 
P106 vara found to react with a 140 KD aurfaca racaptor 
known aa ECMR VI. Kunicki at al. (1988, J. Biol. Chan. 
263:4516-4519) reported that P1H5 (supra) also specifically 
inhibited adhesion of unactivated human platelets to 
collagen types I and III, but not to fibronactin. A 
coaplax comprising at least three glycoproteins was 
isolated from chicken embryo fibroblasts, using monoclonal 
antibodies which Llock call adhesion to fibronactin 
(Knudaen at al., 1985, Exp. Cell Res. 157:218-226; Chan at 
al., 1985, J. Call Biol. 100:1103-1114) whereas a complex 
of two glycoproteins was isolated from mammalian calls 
using vitronectin affinity chromatography (Pytela at al. , 
1985, Proc. Natl. Acad. Sci. U.S.A. 82:5766-5770; Pytela at 
al., 1986, Science 231:1559-1562). Major platelet surface 
glycoproteins lib and ZZIa have bean found to exist as a 
noncovalent 1:1 complex in the platelet membrane (Jennings 
and Phillips, 1982, J. Biol. Cham. 257:10458-10463) and to 
serve as an ECMR for fibrinogen (Bennett et al., 1983, 
Proc. Natl. Acad. Sci. U.S.A. 80:2417-2421; Marguerie at 
al., 1984, Eur. J. Biochem. 139:5-11), fibronactin (Gardner 
and Hynea, 1985, Call 42:439-448; Plow et al., 1985.. Blood 
66:724-727), von Nillebrand factor (Ruggeri et al., 1982, 
Proc. Natl. Acad. Sci. U.S.A. 79:6038-6041) and vitronectin 
(Pytela at al., 1986, Scianca 231:1559-1562). 

Structural homology is shared by the multitude 
of extracellular matrix receptors. The ECMRs ara members 
of the integrin family of call adhesion molecules and 
possess unique a subunits complexed to the integrin fil 
subunit (Hynes, 1987, Call 48:549-554; wayner and Carter, 
1987, J. Call Biol. 105:1873-1884; Wayner et al., 1988, J. 
Call Biol., 107:1881-1891). Additional members of the 



20 



30 



WO 91/03252 



3 



PCT/US90/04978 



intagrin receptor fanily include leukocyte adhaaion 
protaina and tha VIA antigans. Tha leukocyte adhaaion 
protaina includa LFA-1, Mac-1, and P150/95, and ara dimeric 
glycoproteins composed of diffarant a ehaina and a common, 
95.kOa fi chain, (Kishiomoto at al. « 1987, Call 48:681-690). 
VIA antigana ara naaad for thair vary lata appaaranca on 
culturad T lymphocytaa (Hamlar at al., 1983, J. Immunol. 
131:334-340; Hamlar at al., 1984, J. Immunol. 132:3011- 
3018; Hamlar at al., 1985, Eur. J. Immunol. 15:502-508). 
Antiaara to tha VIA-0 aubunit vara found to block cell 
adhaaion to fibronactin or laminin fTakada at al., 1987, 
Nature 326:607-610). 

Interralationahipa between theae ECMRa have been 
identified. ECMR VI ia identical to the prototype 
fibronactin receptor (Pytela et al., 1985, Cell, 40:191- 
198), a5fil, platelet glycoprotein (gp) le/IIa and VIA 5, 
ECMR II ia identical to alfil, platelet glycoprotein la/IIa 
and VIA 2 (Hamler et al., 1987, J. Biol. Cham., 262:11478- 
11485) , and ECMR X ia identical to o301 and VIA 3 (Kunicki 
et al., 1988, J. Biol. Cham., 263:4516-4519; Takada et al., 
1988, J. Cellular Biochem. , 37:385-393; Hayner et al., 
1988, J. Cell Biol. 107:1881-1891) . Monoclonal antibodies 
to alfil, e301 and aSfil (PIHS, P1D6 and P1B5) inhibit 
fibroblast or platelet adhesion to collagen, fibronactin 
and laminin-coated surfaces (Kunicki et al., 1988, J. cell 
Biol. 107:1881-1891; Wayner et al., 1988, supra). Table I 
lists some of the members of the integrin family described 
supra , and Tabla IZ lists a numbar of monoclonal antibodies 
that recogniza various ECMRs. 
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P1H5 



2*1 



Collagan 
Laalnin 



(Vaynar at al., 1987, J. 
Call Biol. 105:1873.1884; 
Vaynar at al., 1988, J. 
Call Biol. 107: 1881-1891) 
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Collogan 
FlbroTMetln 



(Vaynar at al., 1987 J. Call 
Biol. 105:1873-1884 
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'4*1 



'5*1 



Fibrenactln 
(CS-1) 

Fibrenactln 
(Arg-Cly«A»p-Sar) 



(Vaynar at al.. 1988, J. 
Biol. 105:1873-1884 
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Tha fil integrins ara differentially expressed in 

m 

cultured calls and tissue, and demonstrate clear 
diff arancas in activation dapandant expression. For 
example , axpraasion of aSfil in hematopoietic calls is 
restricted to subpopulations of thymocytes and peripheral 
blood lymphocytes, monocytes, acuta lymphocytic or 
myelogenous leukemias, activated T cells, migrating 
hemopoietic precursor calls, and soma cultured T, B or 
erythroleufcemia call lines ( Bernard i at al., 1987, J. Call 
Biol., 105:489-498; Cardaralli at al., 1988, J. Call Biol., 
106 :2183-2190; Garcia-Pardo at al., 1989 Garcia-Pardo at 
al., 1989, Exp. Cell Res., 181:420-431; Giancotti at al., 

1986, J. Call. Biol., 103:429-437; Liao at al., 1987, Exp. 

Call Res., 171:306-320; Wayner at al., 1988, J. Call Biol. 
107:1881-1891. 
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2.2. FIBROWECTIH 

Fibronactin is a protein found in the 
extracellular matrix as wall as in plasma and on the 
surface of certain types of cells (Akiyama and Yamada, 
1987, Adv. Enzymol. 59:1-57). In plasma, fibronactin 
exists as a glycoprotein heterodimer consisting of two 
similar subunits (called A and B chains) , each having a 
molecular weight of approximately 220 kOa (Akiyama and 
Yamada, 1987, Adv. Enzymol. 59:1-57/ Erickson at al., 1981 
J. Call Biol. 91:673-678). Multiple specialized 
intramolecular domains (Ruoslahti at al., 1981, J. Biol. 
Cham. 256:7277-7281) of the fibronactin molecule may be 
cleaved into fragments which, In turn, ara capable of 
interacting with collagen, fibrin, heparin, and cell 
surfaces in a manner analogous to that of the intact 
molecule (Hynes and Yamada, 1982, J. Cell Biol. 95:369- 

377) . 
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Cellular and plasma f ibronaetin hatarodimara 
coaprisa similar but not idantical polypaptidaa. Tha 
variability in tha atructura of f ibronaetin aubunita 
darivaa from variationa in f ibronaetin mRNA primary 

* 

aaquanca dua to altarnativa apl icing in at laaat 2 ragibna 
of tha pra-f ibronaetin mRNA (tha ED and IZICS ragiona) . 

Pibronoctin is capabla of promoting adhasion of 
a variaty of eall typas, auch aa fibroblaata (Grinall at 
al., 1977, Exp. Call Raa. 110:175*210), maerophagas 
(Bavilacqua at al., 1981, J. Exp. Mad. 153:42-60), 
polymorphonuelaar laukocytas (Marino at al., 1985, J. Lab. 
Clin. Mad. 105:725-730), platalata (Kotalianaky at al., 
1981, Fad. Euro. Bioeham. Soe. 123:59-62) and karatinecytaa 
(Clark at al., 1985, J. Invaat. Darmatol. 84:378-383), to 
nama but a faw (Liao at al., 1989, Exp. Call Raa. 181:348- 
361). Intaraction batvaan f ibronaetin and a call surfaca 
protain having a molaeular waight of approximataly 140 kOa 
has baan obaarvad in fibroblaata (Brown and Juliano, 1985, 
Seianca 228:1448-1451} Akiyama at al., 1986, J. Call Biol. 
102 :442-448; Brown and Juliano, 1986, J. Call Biol. 
103: 1595-1603 ; Wylia at al., 1979, J. Call Biol. 80:385- 
402), andothslial calls (Plow at al., 1986, Proc. Natl. 
Acad. Sci. U.S.A. §2:6002-6006), lymphoid calls (Brown and 
juliano, 1986, J. Call Biol. 103:1595-1603) platalata 
(Pytala at al., 1986, Seianca 228:1559-1562; Cardnar and 
Rynas, 1985, Call 42:439-448), musela calls (Horowitz at 
al., 1985, J. Call Biol. 101:2134-21441 Danbsky at al., 
1985, J. Call Biol. 100:1528-1539; Chapman, 1984, J. Call 
Bioeham. 259:109-121), and ostaosarcoma calls (Pytala at 

al., 1985, Call 40:191-198). 

Tha binding of fibronactin to call surfacaa may 
ba compatitlvaly inhibltad by fragmants of fibronactin 
(Akiyama at al., 1985, J. Biol. Cham. 260:13256-13260). 
Using synthatic paptidas, a aaquanca of what was thought to 
ba tha only minimal call-racognition sits was idantifiad as 
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tha tatrapaptida Arg-Gly-Aap-Sar (RCDS) (Piarsehbachar and 
Ruoslahti, 1984 , Natura 309 : 30-33; Piarachbachar at al., 
1982, Proe. Natl. Acad. Sei. U.S.A. 80:1224-1227; 
Piarachbachar at al., 1984, Proe. Natl. Acad. Sci. U.S.A. 
81:5985-5988; Akiyana at al., 1985, J. Call Biol. 102:442- 
448). Tha RGDS saquanca prasant in tha *callr-binding* 
domain of fibronactin ia tha ligand for tha prototypa of 
fibronaction raeaptor doscribad by Pytala at al. (1985, 
Call 40:191-198). 

Various obaarvationa suggaatad that ragions 
othar than RGDS nay function in fibronactin binding 
(Hunphrias at al., 1986, J. Call Biol. 103:2637-2647). For 
axampla, tha binding affinity of aynthatic paptidaa was 
found to ba substantially lowar than tha binding affinity 
associatad with largar fragnants or intact fibronactin 
(Akiyana at al., 1985, J. Biol. Chan. 260:10402-10405; 
AXiyanaat al., 1985, J. Biol. Chan. 260:1325 13260). 
McCarthy at al. (1986, J. Call Biol. 102:179-^88) reported 
binding affinity batwaan a 33kDa fragnant of plasma 
fibronactin and B16-F10 malanona tumor calls. Barnardi at 
al. (1987, J. Call Biol. 105:489-498) raportad that 
lymphoid pracursor calls adharad to two diffarant sitas on 
fibronactin; tha BaP3 call lina intaractad with tha RGD 
binding domain, vharaas tha PD31 call lina appaared to 
intaract with a diffarant domain locatad in tha carboxy 
tarni»al aagmant and associatad with a high affinity 
binding sits for haparin. 

Hunphrias at al. (1986, J. Call Biol. 103:2637- 
2647) comparad tha ability of fibronactin fragnants to form 
adhasiva intaract iona with nalanoma varsua fibroblastic 
calls. Fibroblastic BHK calls vara obsarvod to spraad 
rapidly on a 75kDa fragnant raprasanting tha RGDS 
containing call-binding domain, vharaas B16-P10 nalanona 
calls did not appaar to spraad on tha 75kDa fragnant, but, 
instaad vara obsarvod to spraad on a 113kDa fragnant 
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derlved from the portion of fibronectin containing the typo 
III connocting ■•gatnt (CS) difference region, or v-r«gion 
(in which alternative splicing of mRNA may occur) . In this 
I IICS region, located near the fibronectin carboxyl 
terminus, the sequence Arg-Clu-?AsPrVal (REDV) appeared to 
have functional significance. Humphries et al. (1987, J. 
Biol. Chem. 262:6886-6892) studied a series of overlapping 
synthetic peptides spanning the XXICS region. Two 
nonadjacent peptides, CS1 and CSS, were found to be 
competitively inhibitory for adhesion of fibronectin to 
melanoma, but not to fibroblastic, cells, with CS1 showing 
greater inhibitory activity than CSS. Liao et al. (1989, 
Exp. Cell Res. 181:348-361), reported that MOPC 315, IgA- 
secreting lymphoid cells, in addition to binding to the 
cell binding domain via an RGD interaction, bound 
preferentially to the carboxy-terminal heparin binding 
domain by an RGD- independent mechanism. However, the 
adhesion sequence (s) present in the carboxy terminal 
regions of fibronectin and the cell surface receptor (s) 
responsible for adhesion of cells to these adhesion 
sequences have not been identified. 
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2.3. BIOLOGICAL rONCTIONS OF CELL ADHESION MOLECULES 

Adhesive interactions between cells have been 

found to occur during many important biological events, 
28 inlcuding tissue differentiation, growth and development, 
and also appear to play a critical role in the pathogenesis 
of various diseases (Humphries et al., 1986, J. Cell Biol. 
103:2637-26471 Grinnell, 1984, J. Cell Biochem. 26:107-116; 
Hynes, 1986, Sci. Am. 254:42-51). 

For example, adhesive interactions are known to 
be extremely important in the immune system; in which the 
localization of immune mediator cells is likely to be due, 
at least in part, to adhesive interactions between cells. 
Recirculation of lymphoid cells is non-random (Male et al., 
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in 'Advanced Immunology*, J. B. Lippineatt Co., 
Philadelphia, p. 14.4 - 14.5) t lymphocyte* demonstrate a 
prafaranca for tha typa of aaeondary lymphoid organ that 
thay will antar. In traff icing through a aaeondary 
lynphoid organ, lymphocyte* must first bind to tha vascular 
endothelium in tha appropriate post-capillary venules, then 
open up the tight junctions between endothelial cells, and 
finally migrate into the underlying tissue. Migration of 
recirculating lymphocytes from blood into specific lymphoid 
tissues, called homing, has been associated with 
complementary adhesion molecules on the surface of the 
lymphocytes and on the endothelial cells of the high 
endothelial venules. 

Likewise, the adherence of polymorphonuclear 
leukocytes to vascular endothelium is believed to be a key 
event in the development of an acute inflammatory response, 
and appears to be required for an effective chemotactic 
response as well as certain types of neutrophil-mediated 
vascular injury (Zimmerman and Mclntyre, 1988, J. Clin. 
Invest. 81:531-537; Harlan et al., 1987, in 'Leukocyte 
Emigration and its Sequelae*, Movat, ad. S. Karger AG, 
Basel, pp. 94-104; Zimmerman et al., ibid., pp. 105-118). 
When stimulated by specific agonist substances, the 
polymorphonuclear leukocytes (Tonnensen et al., 1984, J. 
Clin. Invest. 74:1581-1592), endothelial cells (Zimmerman 
et al., 1985, J. Clin. Invest. 78*2235-22461 Bevilacque et 
al., J. Clin. Invest. 76x2003-2011), or both (Gamble et 
al., 1985, Proc. Natl. Acad. Sci. U.S.A. 82:8667-8671) 
become adhesive; as a result, polymorphonuclear leukocytes 
accumulate on the endothelial call sura fee. 

In addition, studies with specific anti- 
glycoprotein antibodies in patients with immune deficits 
indicated that one or more components of the CD18 complex 
are required for effective neutrophil chemotaxis and other 
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adhasion-ralatad functions (Zimarman and Kaclntyra, 1988, 
J. Clin. InvMt. 81:531-537). Tha CD18 coaplax is 
identical to tha fi 2 intsgrin subfamily (supra) . 

During saturation and dif farantiation, 
lysphocyta sub-populations localiza in diffsrant anatomical 
■it..; for example, ianatur.te.il. local it. in th« 
thymua. Similarly, IgA-producing B calls sr. obs.rv.d to 
localise in th. int.stinal mucosa ( Parrot t, 1976, Clin. 
Caatro.nt.rol, 5:211-228). In contrast, IgC-producing B 
c.11. local is. primarily in lymph nod.., from which igG i. 
secreted into th. systemic circul.tion (Parrott and 
daSouaa, 1966, Natur. 212:1316-1317). T ells appaar to b. 
nor. abundant in skin apid.rmis than in mucosal lining a 
(Cahill at al., 1977, J. Exp. Mad. 145:420-428). 

Th. physiologic importanc. of leukocyte adh.sion 
protaina I supra ) is und.racorad by th. axiatanca of a human 
ganatic disaasa, laukocyt.adh.sion d.fici.ncy (IAD; 
Andaraon at al., 1985, J. Znfsct. Ois. 152:668; Arnaout at 
al., 1985, Fad. Proc. 44: 2664). Various studies hava 
indicatad that tha molecular d.f.ct associat.d with IAD 
rasults in .ith.r lack of synthaais of th. common fi chain 
or normal rats of aynth.aia followed by rapid dagradation 
(Liowska-Grospierre .t al., 1986, Eur. J. Immunol. 16:205; 
Oiamanch. st al., 1987, Eur. J. Immunol. 17:417). In tha 
savara form of IAD, n.ith.r LFA-1, Mac-1, nor plSO/95 ar. 
expressed on th. leukocyte membrane; low levels of 
Lukocyt. mambrana «xpr«.sion hav. baan obaarvad in 
patianta suf faring from tha modarata form of tha disaaaa. 
This laada to a defectiv. mobilisation of polymorphonuclear 
leukocytes and monocytes from the vasculature to the issues 
during the inflammatory response, with consequent recurrant 
bacterial infections (Anderson st al., J. Infect. Dis. 
152:6681 Arnaout et si., 1985, Fed. Proc. 44:2664). 



15 



20 



t 



WO 91/03252 



12 



PC17US90/04978 



10 



15 



20 



25 



ECMRa have also been observed to be associated 
with functions outs id* of tha iaauna system. Loaa of the 
ZZb/ZZZa platalat aurfaca glycoprotain complex appears to 
result in defective platelet function in a genetic disease 
known as Glanzmann'a thrombasthenia , (Hynes, 1987, Cell 

....... .*;._*,• " 

48:549-554) . Humphriaa at ale (1988, J. Call Biol. 
106 :1289-1297) obaarvad that naurona of tha paripharal 
narvoua ayataa vara abla to axtand nauritaa onto aubatrataa 
baarlng both tha cantral call-binding domain and tha ZIICS 
ragion of fibronactin. Furtharaora, wa hava racantly ahown 
that naurita formation on laainin or f ibronactin can ba 
inhibitad by antibodiaa to ECMRa. 

* 

3. SUMMARY OF THE INVENTION 

The preaant invention relates to a method for 
inhibiting the adhesion of one cell to another comprising 
interfering with tha interaction between tha extracellular 
aatrix receptor and its ligand. 

Tha invention is based upon tha discovery that 
tha o4fll extracellular aatrix receptor promotes adhesion of 
lymphocytea to endothelial calls via attachment to a defined 
peptide sequence. Prior to the present invention, the ligand 
of tha a401 receptor had not bean identified, nor had the 
function of tha a401 receptor in lymphocyte attachment been 
known. By preventing the interaction between the oAfll 
receptor and its Uganda using antibodies or defined peptide 
sequences, the present invention enables, for the first time, 
•pacific intervention in tha migration of lymphocytes through 
tha vascular endothelium and into tissues. The present 
invention, therefore, has particular clinical utility in 
suppression of tha immune response) in various specific 
embodiments of tha invention, the adherence of lymphocytes to 
endothelium may ba inhibitad systemically, or may, 
alternatively, ba localised to particular tissues or 
circumscribed areaa. Accordingly, tha present invention 



* 

WO ft/63252 



13 



PCT/US90/04978 



10 



15 



provides for treatment of disaasss involving autoimmune 
rupoBMi ae vail as othar chronic or ralapaing activations 
Of ths isanins system, including allergy, asthma, and chronic 
inflammatory skin conditions. 



3.1. ABBREVIATIONS 

Psptids sequences dafinad harain ara rsprssantsd by 
ths one-letter syabols for amino acid rssiduss as follows: 

A (alanine), R (arginine) , N (asparagins) , D 
(aspartic acid) , C (cystaina) , Q (glutaaina) , E (glutamic 
acid), 6 (glycina), H (histidins) , Z (isolsucins) , L 
(laucina), K (lysine), M (methionins) , F (phsnylalanina) , P 
(prolina), 8 (sarins), T (threonine), W (tryptophan), Y 
(tyrosine), V (valina) . 



4. DESCRIPTION OP THE FIGURES 

Figurs 1. Adhssion of T lymphocytes (Molt 4) , 
K562-1, RD or HT1080 calls to plasma fibronsctin, inhibition 
with P1D6 monoclonal antibody and coll surfacs sxprsssion of 

aSfil. 

20 51 cr-labslad calls (10 5 call a/ml) wars incubatad 

with P1D6 monoclonal antibody (30 *ig/al) for 60 minute* at 4* 
C and allowad to attach to fibronactin-coatad (20 ng/al) 
plastic surfacos in ths prsssncs of P1D6 (solid bars) or 
mouse IgG (opan bars) for 30 ain (HT1080 or RD) or 4 hr (Molt 
25 4 or KS62) at 37* C. Adhssion to plasma fibronsctin (pFN) is 
axprassad as 51 Cr cpa bound to ths plastic surfacss. Call 
surface axprsssion of a301 was dstsrainsd by flow cytometry by 
staining of calls in suspsnsion with P1D6 aonoclonal 
antibody. Log P1D6 fluorsscsncs (stripsd bars) is expressed 
as mean channel number (0-253) above background. 

Figurs 2. iBBuna precipitation of lymphocyte 
fibronsctin receptor from HT10890, Molt 4 or chronically 
activated C08+ T (LAX) call detergent extracts. 
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125 I-labeled Molt 4, LAK or HT1080 cell* were 
extracted with 1% Triton X-100 in the presence of 
phony lmethyl aulfonyl fluorido (1 bM), H-ethylmaleimide (1 
DM) , leupeptin (l jig/ml) and diisopropyl fluorophosphate (1 
mM). as protease inhibitors. AUquots of these extracts were 
immune precipitated with monoclonal antibodies directed to 
alfll (P1B5) , a2fil (P1H5) and aAfil (P3E30. The immune 
precipitated antigens wars run on 7.5% SpS-PAGE gals in the 
absence of 2 -ME and visualised by autoradiography. The three 
bands immune precipitated with P3E3 from T lymphocytes are 

indicated (arrows) . 

Figure 3. Identification of lymphocyte specific 

f ibronectin receptor as Intagrin «4£1 . 

12 5 I -surface labeled Jurkat cells were extracted 
with 0.3% CRAPS in the presence of 1 mM CaCl 2 , 1 mM 
diisopropyl-fluorophosphata, 1 mM phenylmethyl sulfonyl 
fluoride, lmM N-ethylmaleimide, 1 ng/ml leupetin and 2 »g/ml 
soybean trypsin inhibitor. Aliquots of the extracts were 
then immune precipitated with myeloma (SP2) culture 
supernatant or with monoclonal antibodies P3E3 , P4C2 , P4G9 or 
with P1D6 (anti-o5£l). The immune precipitates were run on 8% 
SDS-PAGE gals in the absence of reducing agent and visualized 
by autoradiography. Molecular weight markers are shown on 
the left-hand side. The a5 and pi subunits are indicated as 
are the bands present in immune precipitates prepared with 
P3E3, P4C2 and P4G9 (arrows). 

Figure 4. Localization of aAfil and *5pl in focal 
adhesions on fibronectin-coated surfaces. 

SO cells were trypsinized and allowed to adhere to 
ailanired and fibronectin-coated (20 pg/al) glass cover slips 
in the absence of serum for 1 hour at 37* C. At the end of 
this time the calls wars prepared for localization of 
receptors in focal adhesions as described (Experimental 
Procedures) . Panels A and C show focal adhesions (arrows) 
visualized by interference reflexion microscopy when RD cells 
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are adhered to flbronactin. Panel B shews tha reorganization 
of tha RGD prototype flbronactin racaptor aS£l stainad with 
antibody AB33 to tha focal adhesions (arrows) . Panel D shows 
tha raorganization of aAfil stainad with P469 (FZTC) also to 
tha focal adhasions whan RD calls ara adharad to flbronactin 
(arrows). Panals A and B ara tha sains fiald and Panals C and 
D ara tha same fiald. 

Figure 5A. Domain structura of human plasma 
flbronactin (pFM) showing tha origin of tha f ragmanta usad in 
this study. B. SDS-PAGE gal analysis (10% acrylamida) 
damonstrating tha purity of tha fragmants. 

Tha 80 kDa fragmant had tha N-tarminal amino acid 
sequence SD()VPSPR()LQF, and tharafora bagins at position 874 
of tha flbronactin molecule (Kornblihtt at al., 1985, EHBO J. 
4:1755-1759). This fragmant contains tha call binding domain 
(Call) and tha RODS saquanca of flbronactin (*). Tha 58 kDa 
and 38 kDa f ragmanta had tha N-tarminal amino acid aaquanca 
TAGPDQTEMTIEGLQ. Both fragmants contain tha C-tarminal 
Raparin binding domain (Rap II) and rasult from a diffarant 
claavaga of tha two flbronactin chains by trypsin. Tha 38 
kDa fragmant comprisas tha first 67 amino acid rasiduas of 
tha altarnativaly spliced connecting sagmant of flbronactin 
(IIICS) (Garela-Pardo, 1987, Biecham. J., 241:923-928) and it 
is tharafora darivad from tha A chain. Tha 38 kDa fragmant 
doas not contain tha REDV adhasion aita racognisad by B16-F10 
25 melanoma calls (Rumphrias at al., 1986, supra; Humphries at 
al., 1987, supra). Tha 58 kDa fragmant is also darivad from 
tha B chain of flbronactin and lacks tha IIICS ragion 
(Gareia-Pardo, at al., 1989, BfBO J., submitted). Tha 58 kDa 
fragmant also contains tha c-tarminal fibrin binding domain 
of flbronactin (Fib II) , and is similar to praviously 
raportad fragmants from this ragion of plasma flbronactin 
(Click, E. M. , and Balian, 0. 1985, Biecham. , 24:6685-6696). 
Tha bands ara visualizad by a silvar strain. 
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Figure 6. Adhesion of hematopoietic cells to plasma 
fibronectin and the purified 38 JcDa and 80 kDa tryptic 
fragments of plasma fibronectin. 

51 Cr-labeled K562 (erythroleukemia) , Jurkat (CD3+ T 

lymphocyte) and YT (CD3-? T lymphocyte) cells (l0 5 /w«H> w « r « 
allowed to adhere to plastic surfaces that had been coated 
with intact plasma fibronectin (pFN) or the p- -if led 80 KDa 
and 38 kDa tryptic fragments at the indicate concentrations 
for 2 hours at 37* c. At the end of this time non-adherent 
cells were washed off and the bound cells were solubilized in 
SDS/NaOH and quant ita ted. The results are expressed as bound 

51 

Cr cpm. 

Figure 7. Effect of the monoclonal antibodies P1D6 
and P4C2 to the integrin receptors a301 and aAfil 
(respectively) on adhesion of T lymphocytes to intact plasma 
fibronectin (pPH) or the purified 80 kDa and 38 kOa tryptic 
fragments . 

51 Cr-labeled Molt 4 cells were incubated with 
purified P1D6 or P4C2 monoclonal antibodies (50 jig/ml) or 
purified mouse IgG (50 ng/ml) for 1 hour at 4* C. They were 
then allowed to adhere to plastic surfaces that had been 
coated with intact plasma fibronectin, or the 80 kDa and 38 
kDa tryptic fragments at the indicated concentrations for 1 
hour. At the end of this time the non-adherent cells were 
washed off and the adherent cells were solubilized and bound 
51 Cr cpm were quantitated in a gamma counter. The results 
are expressed as bound cpm. 

Figure 8 . Effect of CS-1 B12 peptide on T 
lymphocyte adhesion to XL-1* Activated HUVE cells. 

Figure 9. 

(a) Diagram of the ZZZ CS and CS-1 regions. 

(b) Amino acid sequence of CS-1, A13, and 

B12. 
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3. DETAILED DESCRIPTION OF THE INVENTION 

In experiments designed to examine the function of 
aSfil in lymphocytes, it was observed that resting peripheral 
blood and cultured T lymphocytes (Molt 4 or Jurkat) expressed 
an affinity for f ibronectin indapandant of tha prototypa 
fibronectin receptor, aSfil. Although thaaa calls attached to 
f ibronectin-coated aurfacaa thay axpraaaad low or 
undetectable lavala of a3fil recognised by tha functionally 
defined monoclonal antibody, P1D6 (Wayner at al., 1988, J. 
Cell Biol. 107:1881-1891). Furthermore , T lymphocyte 
adheaion to fibronectin could only be partially inhibited by 
P1D6 or RCO containing peptides suggesting the involvement of 
other receptors for fibronectin in the adhesion process. 
Alternatively/ adhesion of other cells to fibronectin, such 
as malignant or transformed fibroblasts and activated T 
lymphocytes (LAK cells) could be completely inhibited by 
P106. This suggested that resting peripheral blood T 
lymphocytes and cultured T cell leukemias express multiple 
independent and functional fibronectin receptors. 

According to the present invention, an alternative 
20 fibronectin receptor was identified by preparing monoclonal 
antibodies that specifically inhibited the adhesion of T 
lymphocytes but not other cells to fibronectin. This 
receptor was identical to the integrin receptor, e4£l* and 
mediated the attachment of peripheral blood lymphocytes, 
28 cultured T cell lines and SO cells to plasma fibronectin. 
Furthermore, T lymphocytes expressed a clear preference for a 
38 kDa tryptic fragment of plasma fibronectin (Garcia-Pardo 
et al., 1987, Biochem. J., 241x923-928) containing the 
Heparin ZZ domain and 67 amino acid residues of the type III 
connecting segment (ZZZCS) spanning the CS-1, CS-2 and CS-3 
regions defined by Humphries et al., 1986, J. Cell. Biol., 
103s 2637-2647 i Humphries et al., 1987, J. Biol. Chem. , 
262:6886-6892). According to the present invention, T 
lymphocytes were found to attach only to CS-1 and monoclonal 
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antibodies to aAfil (P3E3, P4C2 P4G9) completely inhibited T 
lymphocyte adhesion to the 38 kDa fragment and to CS-1. T 
lymphocytes were also found to attach (with much lover 
affinity) to a site present in the Heparin ZZ domain and 
monoclonal antibodies to aAfil also inhibited this interaction. 
The functionally defined monoclonal antibodies to aA$l did not 
inhibit T lymphocyte adhesion to an 80 kDa tryptic fragment 
of plasma fibronectin containing the RGO sequence, whereas 
antibodies to *5fil (the prototype fibronectin receptor) 
completely inhibited this interaction. 

In addition, the present invention relates to the 
discovery that the <*4fll receptor mediates the interaction 
between lymphocytes and endothelial cells. According to the 
invention, antibodies or peptides can be used to block the 
adhesion of lymphocytes to endothelial cells. 

For purposes of clarity of disclosure, and not by 
way of limitation, the present invention will be described in 
the following subsections. 

i) Preparation of antibodies to 

extracellular matrix receptors (ECMRs) ; 
20 ii) Characterisation of the ECMR-ligand 

interaction} 

iii) Methods of intervening in cell adhesion; 

iv) Utility of the invention; and 

v) Peptides and antibodies of the 

MS 

invention. 

S.l. PREPARATION OF ANTIBODIES TO 

EXTRACELLULAR MATRIX RECEPTORS 

Preparation of antibodies to extracellular matrix 
30 receptors may be performed using any method for generating 
antibodies known in the art. Intact cells, or purified 
extracellular matrix receptor (ECMR) may be used as 
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inunogan. Immunisation of a host is prafarably psrformad 
using immunogan obtainad from a xanoganaic aourca. 
Antibodies may be polyclonal or monoclonal. 

Various procedures known in the art nay be used for 
the production of polyclonal antibodies to epitopes of a given 
ECMR. For the production of antibody, various host animals 
can be immunized by injection with an ECMR protein, or a 
synthetic protein, or fragment thereof, or, alternatively, 
intact cells way be used. Various adjuvants may be utilized 
to increase the immunological response, depending on the host 
species, and including but not limited to Freund's (complete 
and incomplete) , mineral gels such as aluminum hydroxide, 
surface active substances such as lysoleeithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol , and potentially useful human 
adjuvants such as BCO (bacille Calmette-Guerin) and 
Corynebacterlum parvum . 

A monoclonal antibody to an epitope of a ECMR can 
be prepared by using any technique which provides for the 
production of antibody molecules by continuous cell lines in 
culture. These include but are not limited to the hybridoma 
techniques originally described by Kohler and Milstein (1975, 
Nature 256:495-497) and Taggart and Samloff (1983, Science 
219 : 1228-1230) , and the more recent human B cell hybridoma 
technique (Kozbor et al., 1983, Immunology Today 4:72) and 
EBV-hybridoma technique (Cole et al., 1985, Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc. , pp. 77-96) . 

The monoclonal antibodies for therapeutic use may 
be human monoclonal antibodies or chimeric human-mouse (or 
other species) monoclonal antibodies. Human monoclonal 
antibodies may be made by any of numerous techniques known in 
the art f e.o. . Tehg et al., 1983, Proc. Natl. Acad. Sci. 
U.S.A. 80:7308-7312; Kozbor et al., 1983, Immunology Today 
4x72-79; Olsson et al., 1982, Meth. Enzymol. 92:3-16). 
Chimeric antibody molecules may be prepared containing a mouse 
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antigen-binding domain with human constant regions (Morrison 
at 'ml., 1984, Proc. Natl. Acad. Sci. U.S.A. 81:6851, Takeda et 
al., 1985, Natura 314:452). — 

A molecular clona of an antibody to an ECMR epitope 
can ba prepared by known techniques. Recombinant DMA 
methodology (see e.g., Maniatis et al., 1982, Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, Hew York) may be used to construct nucleic 
acid sequences which encode a monoclonal antibody molecule, or 
antigen binding region thereof. 

Antibody molecules may be purifiad by known 
techniques, e.g. . immunoabsorption or immunoaffinity 
chromatography, chromatographic methods such as HPLC (high 
performance liquid chromatography), or a combination thereof, 
etc. 

Antibody fragments which contain the idiotypa of 
the molecule can be generated by known techniques. For 
example, such fragments include but are not limited to: the 
F(ab'), fragment which can be produced by pepsin digestion of 
the antibody molecule; the Fab' fragments which can be 
generated by reducing the disulfide bridges of the F(ab') 2 
fragmant, and tha 2 Fab or Fab fragmants which can ba 
generated by traating tha antibody molecule with papain and a 

reducing agent. 

Likewise, antibodies which ara raactiva with ECMRs 

produced by the above methods may be identif iad and selected 

by any techniqus known in tha art. For example, antibodias 

may ba shown to bind to and/or immunopracipitatr a known ECMR 

which has baan purifiad or otherwise separated xrom other 

proteins, as in a polyaerylamide al. Alternatively, 

30 antibodias to ECMRs may be identif iad by thair ability to 

compete with previously known ECMR antibodias for binding to 

ECMRs. Antibodias which bind to ECMRs may also be identified 

by thair ability to block an ECMR/ lig and interaction. For 

example, and not by way of limitation, calls bearing an ECMR 
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receptor which binds to fibronectin (which need not, itself, 
have bMn identified or characterized, but merely functionally 
defined) nay ba shown to adhoro to a substrata coatad with 
fibronactin. If an antisara or hybridoma suparnatant may bo 
shown to inhibit tha adherence of calls to tha substrata, the 
antibodies contained in antisara or supernatant nay recognize 

the ECMR receptor. 

According to the invention, antibodies which 
recognize the otfil receptor may be prepared by the methods 
outlined supra . Zn a preferred embodiment of the invention, 
monoclonal antibodies directed toward aifil may be produced as 
follows: mice obtained from RBF/DN mice may be immunized with 
about 100 ill of packed T lymphocytes; their spleens may 
subsequently e removed and fused with myeloma cells, for 
example, NS-1/F0X-NY myeloma cells, as described by oi and 
Herzenberg (1980, in 'Selected Methods In Cellular 
Immunology,* Mishall and Shiigi, sds, Freeman and Co., San 
Francisco, pp. 331-373) and Taggart and Samloff (1983, Science 
219 11228-1230) . Viable heteroKaryons may then be selected in 
RFMi 1640 media supplemented with 
20 adenine/aminoptar in/ thymidine. Hybridomas producing antibody 
directed toward lymphocyte ECMR* may be screened by adhesion 
to fibronect in-coated surfaces and cloned by limiting 
dilution. In particular, antibodies directed toward o40l may 
be identified, for example, by the ability to block adherence 
of lymphocytes to substrate coated with CS-1 peptide or its 
derivatives, or to endothelial cells. Antibodies which 
recognize a401 will not, however, inhibit the binding of cells 
bearing the a3fil receptor to RGD-peptide coated substrate. 
Alternatively, antibodies directed toward a4fil, any be 
identified by their ability to i) competitively inhibit the 
binding of known anti-o4*l, antibodies (such as P4C2 or 
P4C10), or ii) bind to the same protein as known anti-a4£lt 
antibodies (e.g. in a protein gel, Western blot, or in 
sequential immunoprecipitation experiments). 
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The interaction between an axtracallular neabrane 
racaptor nay ba characterized, for oxanpla, and not by way of 
limitation, by tha following nathods: 

i) Deteraination of racaptor distribution 

and function; 

ii) Intarvantion in racaptor/ ligand binding; 

iii) Isolation and chaaical charactarization of 
racaptor and/ or ligand. 

Thasa nathods will ba described nore fully in tha thraa 

i 

following subsactions. 

5.2.1. DETERMINATION OP RECEPTOR DISTRIBUTION AND FUNCTION 

According to tha nathods of tha invention, racaptor 
distribution nay ba dstarninad using any nathod known in the 
art. For axaapla, and not by way of linitation, call ; 
populations bearing tha ECMR nay ba identified using 
monoclonal antibodies directed toward the ECMR of interest. 
Binding of antibody to tha ECMR nay be detected using 
innunohistochenical techniques such as innunofluorescence and 
iaaune peroxidase staining. Alternatively, populations of 
cells bearing the ECMR of interest nay be collected using 

+ 

fluorescence-activated cell sorting techniques. 

Because there appears to be a specific 
reorganization of cell surface adhesion receptors to the focal 
adhesions when cells are grown on the appropriate ligands 
(Burridge at al., 1988, Ann. Rev. Cell Biol. 4:487-523), one 
nethod for characterizing the functional interaction between a 
given receptor and a potential ligand involves data raining 
whether the ECMR of interest distributes into the focal 
adhesions fomed between cell and ligand substrate. For 
axaapla, and not by way of linitation, aifil nay be shown to 
interact with fibronectin in a receptor/ ligand relationship by 
the following nethod (see also section 6.2.3., infra). 
Lynphocytes nay be allowed to adhere to a fibronectin 
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substrata, and tha focal adhaalona batwaan calls and substrata- 
■ay ba visualisad by intarfaranca raflaxion Microscopy (Xszard 
at al., 1976, J. Call Sci. 21:129-159). Antibodias which 
racogniza aAftl, such as P4G9 or P4C10, nay ba usad to show, 
using standard immunohistochamical tachniquas, a.g. fluoro-iso 
thiocyanata, that in tha absanca of sarua, aAfil radistributas 

into tha focal adhasions. 

Intaraction batwaan ECMR and ligand nay also ba 
charactarizad by tasting for tha ability of tha ECMR to adhara 
to a variaty of diffarant substrata*. Por axaapla, a call 
typa of intarast or an ECMR of intarst nay ba tastad for tha 
ability to bind to substrataa consisting of purif iad 
conponants of tha axtracallular matrix, such as fibronactin, 
col lagan, vitronactin or laainin. In a spacific aabodiaant cf 
tha invantion, calls baaring tha aifil nay ba shown to adhara 
to fibronactin, but not to col lagan or laainin substratas as a 
rasult of tha o401/fibronoctin intaraction. 

In furthar ambodiaents of tha invantion, in which 
an ECMR of intarast is shown to bind to a particular protain 
ligand, substratas baaring subfragaants of tha protain ligand 
aay ba tnstad for tha ability to bind to an ECMR on tha 
surfaca of calls, tharaby paraitting tha localization of tha 
binding sita batwaan ECMR and ligand. Zn a spacific 
aabodiaant of tha invantion, in which tha racaptor is o4*l, 
which has baan datarninsd to bind to fibronactin (supra) , 
25 substratas baaring subfragaants of fibronactin aay ba tastad 
for thair ability to bind o401-baaring calls, as axaaplifiad 
in Saction 6, infra . Although T lyaphocytos attachad to tha 
80 kOa call binding domain of fibronactin baaring tha oAfil, 
racaptor (Figura 5A) thay daaonstratad a claar prafaranca for 
an non-RGD containing ragion locatad on a 38 kDa tryptic 
fragaant darivad froa tha A (or haavy) chain of plasma 
fibronactin. T lymphocytas also racognisad and bound to 
anothar Rap XX containing S8 kOa fragaant. Howavar, tha high 
affinity lyaphocyta binding sita was locatad on tha 38 JcDa 
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fragMnc. On a molar basis, the 38 kOa fragment was three 
times more efficient than tha 58 kDa fragnant in mediating T 
lymphocyte adhasion. As shown in Figure 5A tha 38 kDa and 58 
kDa fragments wara darivad from tha A and B chains of plasma 
fibronaetin, respectively. _They tha ra for a diffar in tha 
5 prasanca or absanea of I I ICS (Kornblihtt at al., 1985, supra; 
Garcia-Pardo, 1987, supra). Thus, it is possibla that tha 38 
kDa and 58 kDa fragnants usad hara shara a common low 
affinity T lymphocyte binding sita, loeatad in tha Hap II 
domain, and that additional high affinity T lymphocyta 
adhasion sitas ara prasant in tha IIICS ragion uniqua to the 
38 kDa fragment. In fact, T lymphocytes appear to 
specifically recognize and bind to CS-1, which has been 
defined as a high affinity adhesion site for B16 melanoma 
calls and avian neural crest cells (Humphries et al., 1987, 
supra ? Humphries et al., 1*88, J. Cell Biol., 106:1289-1297; 
Dufour et al., 1988, EMBO J., 7 i 2661-2671) . CS-1 is a region 
of molecular heterogeneity (generated by alternative 
splicing) present in the type III CS domain on the A chain of 
plasma fibronaetin. 

20 

5.2.2. INTERVENTION IH RECEPTOR/ LIC AMD BINDING 

The ECMR/ligand relationship may be further 
characterized by identifying and evaluating agents which 
interfere with receptor/1 igand binding. 
25 For example, antibodies directed to an ECMR of 

interest may be used to inhibit ligand/receptor binding. 
Given tha observation that a particular cell type adheres to 
a given 1 igand or cellular substrate, it may be of interest 
to identify the ECMR involved in the interaction. A panel of 
monoclonal antibodies, each directed toward a different ECMR, 
may be tested for the ability to block the adherence of cells 
to substrata. Inhibition of binding by a particular antibody 
would suggest that the ECMR recognized by that antibody is 
involved in the adhesive interaction. In a specific 
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embodiment of the invention, lymphocyte adherence to 
endothelial colls in culture may bo inhibited by antibodies 
directed toward o4fll, but not by antibodies directed toward a 
variety of other ECKRs (see Section 7, below), indicating 
5 that o401, is necessary for lymphocyte adhesion to endothelial 
cells. Additionally, monoclonal antibodies may be used to 
determine the relationship between ECMR and ligand substrate. 

As exemplified in section 6, infra , T lymphocyte 
adhesion to the 38 and 58 kDa fragments could be completely 
inhibited by functionally defined monoclonal antibodies to 
a40l. Furthermore, T lymohocyte adhesion to CS-1 (IgG 
conjugate) coated surfaces could also be completely inhibited 
by P4C2, P3E3 or P4G9. These data show clearly that oAfil is 
the T lymphocyte receptor for CS-1. In contrast, these 
antibodies failed to inhibit adhesion of T cells to the 80 
kDa fragment containing the prototype adhesion sequence arg- 
gly-asp (RGDJ . Adhesion of T cells to the 80 kDa fragment 
could be completely inhibited by a monoclonal antibody to aSfil 
(P1D6) or by RGDS. P1D6 and RGDS failed to inhibit T 
lymphocyte adhesion to the 38 and 58 kDa fragments or to CS- 
1. Together, these data show that aAfil functions as the 
receptor for the carboxy terminal adhesion domain of plasma 
fibronectin receptor for alternative adhesion sequences in 
IIZCS (CS-1) and possibly Hep XI. 

In further embodiments of the invention, the 
ECMR/ligand relationship may be characterized by determining 
the structure of the ligand. In particular, the ability of 
agents to compete with ligand in the ECMR/ ligand interaction 
may be evaluated. For example, where the ligand is a 
protein, various fragments of the protein may be tested for 
their ability to competitively inhibit receptor/ ligand 
binding. In a particular embodiment of the invention, in 
which lymphocytes are observed to bind to endothelial cells 
as well as to fibronectin, peptide fragments of fibronectin 
may be tested for the ability to competitively inhibit the 
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binding of lymphocytes to endothelial coll substrate. As 
exemplified in Section 7, infra . CS-1 peptide, and, in 
particular, the peptide EILOVPST was able to competitively 
inhibit the binding of lymphocytes to fibronectin and to 
endothelial cells, thereby localizing the binding site on the 
ligand to a region identical or homologous to EILOVPST. 

5.3. METHODS OF INTERVENING IN CELL ADHESION 
According to the invention, adherence of one cell to 
another may be inhibited by intervening in the ECMR/ligand 
interaction. In. a particular embodiment of the invention, 
the binding of lymphocytes to endothelial cells nay be 
inhibited by interfering with the binding of a 4 01 to its 
ligand. This may be accomplished by using antibodies 
directed toward the ECMR, or, alternatively, to its ligand 
(antibodies nay be generated toward ligand in a manner 
analogous to that described in Section 5.1). In alternate 
embodiments of the invention, peptides which inhibit the 
binding of aAfil to its ligand may be used to, in turn, 
inhibit adherence of lymphocytes to endothelial cells. 

In a specific embodiment of the invention, 
anti-*4£l antibody, or a fragment or derivative thereof, 
nay be used to inhibit the binding of lymphocytes bearing 
a 4 pi receptors to vascular endothelial cells. In preferred 
embodiments, the antibody is a monoclonal antibody, in 
particular antibody P4C2 (e4*l) or P4C10 (£1), or fragments 
or derivatives thereof, including chimeric antibodies with 
the sane binding specificities. 

In additional embodiments of the invention, 
peptides nay be used to inhibit the binding of lymphocytes 
bearing a A pi receptors to vascular endothelial cells. In a 
preferred embodiment, the peptide comprises at least a 
portion of the sequence of the IIICS variable region of 
fibronectin. In a more preferred embodiment, the peptide 
comprises at least a portion of the CS-1 peptide as defined 
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by Humphries et al., (1987, J. Biol. Cham. 262:6886-6892), 
which is incorporated by reference in its entirety herein, or 
a peptide substantially homologous to it. In a most 
prafarrad embodiment, tha paptida comprises at laast a 
portion of tha sequence EXLDVPST, or a sequence substantially 
homologoua thereto. 

3.4. UTILITY OP THE IHVEHTIOW 

According to tha invention, the adherence o£ one 
cell to another nay b* inhibited by interfering in tha 
binding between tha ECMR and it» ligand. In particular 
embodiments of tha invention, tha adharanca of lynphocytea to 
andothalial calls nay be inhibited by interfering with the 
binding of o401 on lymphocytes to its ligand on the 
endothelial cell surface. According to the invention, the 
interaction of additional ECMR with endothelial call Uganda, 
and tha inhibition of adhesion of these cells to endothelium 
by interfering with the ECMR/ andothalial call interaction is 
enviaioned. Por example, the adhesion of macrophages to the 
endothelium may alao be inhibited by intervention in the 
macrophage ECMR/endothal ial cell interaction. Likewise, 
melanoma cells, which alao recognise the CS-1 peptide, may be 
inhibited from metastasizing and entering tiasuea using the 
peptides or antibodies of the invention. 

Tha method of the invention is therefore useful in 
preventing tha agrees of lymphocytes through the vascular 
endothelium and into tissue. Accordingly, tha present 
invention provides for a method of suppressing tha immune 
response in human patients in need of such treatment. In 
particular embodiments, the preaent invention provides for 
methods of treatment of diseases associated with chronic or 
relapsing activation of the immune system, including collagen 
vascular diseases and other autoimmune diseases (such as 
systemic lupus erythematosis and rheumatoid arthritis), 
multiple sclerosis, asthma, and allergy, to name but a few. 
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Th* present invention also provides for methods of treatment 
of relatively acute activations of the immune system in 
patients in need of such treatment, including, for example, 
and not by way of limitation, graft versus host disease, 
allograft rejection, or transfusion reaction. 

Depending on the nature of the patient's disorder, 
it may be desirable to inhibit lymphocyte migration into 
tissues systeaically or, alternatively, locally. For 
example, in diseases involving multiple organ systems, such 
as systemic lupus erythematosis, it may be desirable to 
inhibit lymphocyte adhesion systemically during a clinical 
exacerbation. However, for a localized contact dermatitis, 
it may be preferable to restrict migration of lymphocytes 
only into those tissues affected. 

Control of systemic versus localised use of the 
methods of the present invention may be achieved by modifying 
the compositions of antibodies or peptides administered or by 
altering the structure of these agents or their pharmacologic 
composition*. For example, the antibodies or peptides of the 
invention may be administered by any route, including 
subcutaneous, intramuscular, intravascular, intravenous, 
intraarterial, intrar al, oral, intraperitoneal, rectal, 
intratracheal, or intrathecal; However, to achieve local 
inhibition of lymphocyte adhesion to endothelium, it may be 
desirable to administer the antibodies or peptides of the 
invention, in therapeutic amounts and in a suitable 
pharmacologic carrier, subcutaneously or intramuscularly. 
Alternatively* to achieve systemic inhibition of lymphocyte 
adhesion, it may be desirable to administer the antibodies or 

peptides intravenously. 

Zn various embodiments of the invention it is 
advantageous to use a pharmacologic carrier which facilities 
delivery of the antibodies, peptides, etc. of the invention. 
For example, when antibodies, rapt ides, etc. are to be 
delivered to the skin (e.g. for the treatment of chronic 
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inflammatory dermatologic conditions) , a pharmacologic 
carrier which aids in tha panatration of tho cuticle, 
epidermis, and dermis may ba advantageous. 

Dissemination of tha paptidas or antibodios of tha 
invantion nay also ba control lad by altaring tha half-life of 
tha peptide or antibody, or its effective half-life. For 
example, the peptides of the invention may have a relatively 
short half life; if these peptides were administered in a 
sustained release implant, the area of tissue adjacent to the 
implant would be exposed to peptide, (e.g. a joint in a 
rheumatoid arthritis patient) whereas the peptide may be 
degraded >>afore reaching more distant tissues. 
Alternatively, if the peptide is modified to achieve a longer 
half-life by chemical modifications to produce derivatives, 
including but not limited to amino acid substitutions, 
glycosy lations , substitution of enantiomeric variants (i.e. 
D-enantiomers of constituent amino acids) , additions, etc. , 
the peptide is more likely to be widely distributed at 
sustained levels. As further examples the N-terminus or c- 
terminus of the peptides may be modified to result in greater 
stablility. 

In additional embodiments, the antibodies or 
peptides of the invention may be conjugated to antibodies or 
other Uganda which might direct the antibodies or peptides 
to specific tissues. For example, and not by way of 
limitation, peptides of the invention may be conjugated to 
antibodies targeted toward endothelial cells. Furthermore, 
antibodies may be produced which mimic the ECMR, and thereby 
attach to endothelial cell ligands, blocking lymphocyte 
adhesion. 

5.5. PEPTIDES AND ANTIBODIES OF THE INVENTION 

The peptides of the invention include any peptide 
which is capable of interacting with the ECMR of interest. 
In a specific embodiment of the invention, any peptide which 
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is capable of interacting with tha a*fil raeaptor say be used 
to inhibit tha binding of lymphocytes to endothelium. 
Preferably, thaaa paptidas nay ba shown to inhibit adhesion 
of lynphocytas to andothaliun in vitro prior to in vivo use. 
In -a prafarrad embodiment of tha invention, tha peptides 
comprise at least a portion of the fibronectin IZZCS region. 
In a more preferred embodiment , the peptides comprise at 
least a portion of the CS-1 peptide sequence, or a sequence 
substantially homologous to tha CS-1 sequence as presented in 
Figure 9(a) and (b) . In a most preferred embodiment, the 
peptides of the invention comprise at least a portion of the 
sequence EXLDVPST or a peptide sequence substantially 
homologous thereto. 'Substantially homologous* should be 
construed to mean that tha peptides of the invention may be 
alterations of tha specified sequence such that a 
functionally equivalent amino acid is substituted for one or 
more amino acids in tha peptide sequence, thus producing a 
silent change. Por example, one or more amino acid residues 
within the sequence can be substituted by another amino acid 
of a similar polarity which acts as a functional equivalent. 
Substitutes for an amino acid within the sequence may be 
selected from other members of the class to which the amino 
acid belongs. Por example, the non-polar (hydrophobic) amino 
acids include alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan and methionine. The polar neutral 
amino acids include glycine, serine, threonine, cysteine, 
tyrosine, asparagina, and glutamine. The positively charged 
(basic) amino acids include arginine, lysine, and histidine. 
The negatively charged (acidic) amino acids include aspartic 
and glutamic acid. In addition, as discussed in Section 5.3, 
the present invention also relates to derivatives of the 
abovementioned peptides. 
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Antibodies of the invention, produced and defined as 
described supra, includa monoclonal as vail as polyclonal 
antibodias and fragments and darivativas thereof, including 
tha F(ab') 2 , Fab', and Fab fragments* 

5 6. EXAMPLE: INDENTIFICATION AND CHARAZTERX ZATION 

OF THE LYMPHOCYTE ADHESION RECEPTOR FOR AN 
ALTERNATIVE CELL ATTACHMENT DOMAIN IN PLASMA 
FIBRONECTIN • 

Tha following experiments hava dascribad a nav 
fibronactin racaptor which appaars to be identical to tha 
integrin receptor e401 (Hemler et al., 1987, supra ) , 
preferentially expressed by nucleated hematopoietic cells. 
Identification of aifil as a specific fibronectin receptor was 
based on (i) inhibition of cell adhesion to fibronectin by 
monoclonal antibodies (P4C2, P3E3 and P4G9), and (ii) 
specific reorganisation and concentration of *401 into 
fibronect in-dependent focal adhesions. These findings 
suggest that aAfil and o501, the prototype fibronectin receptor 
function together as primary mediators of cell adhesion to 
fibronectin* 

6.1. MATERIALS AND METHODS 
6.1.1. REAGENTS 

Phenylaethyl sulfonyl fluoride, n-ethylaaleiaide , 
leupeptin, diisopropyl fluorophosphate, 2-aercaptoathanol , 
bovine eerua albuain (BSA) , Triton X-100, Protain A-Agaroaa, 
aoybaan trypsin Inhibitor, and V8 protaasa (from 
Staphylococcus aureus, strain V8, protaasa type XVII) ware 
purchased froa Sigaa Chemical Co. (St. Louis, MO) . 
Lactoparoxidass and glucose oxidase were froa Calbiochen (San 
Diego, CA) . TPCK-trypain was froa Cooper Bioaedical, 
Malvern, PA. Fluoresce in-conjugated (goat) anti-aouse IgG 
and IgM (H and L chain a) or rhodaaine-conjugated (goat) 
anti-rabbit IgG and IgM (R and L chains) were obtained froa 
Tago, Inc. (Burlingaae, CA) . R-phycoerythr in-conjugated 
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etrepavidin vaa froa Bioaeda (Poatar City, CA) . Rabbit 
antl-aouee IgC (H+L) antieerua vaa obtained froa Cappal 
(Coopar Biomedical, Malvern L PA). 51 Cr-eodiua chroaate was 
froa Nav England Nuclear. I vaa f roa Aaerehaa (Arlington 
Ht*., IL) . Human racombinant interleukin-2 (ZL-2) vaa a 
8 ganaroua gift froa Or. D. Urdal (laaunax Corp., Seattle, WA) . 
Laainin vaa purchaaad froa Collaborativa Reeearch, Inc. 
Bedford, MA) and purifiad plaaaa fibronectin and collagan 
Typaa Z and ZZZ vara praparad aa pravioualy daacribad 
(Waynar, E. A. and Carter, H. C, 1987, aupra and waynar at 
al., 1968, aupra ) . 

6.1.2. CELLS AND CELL CULTURE 

RD (Hunan rhabdoayoaareoaa ) and HT1080 (human 
fibroaarcoaa) calla vara obtainad froa tha Aaarican Typa 
Cultura Collection (Rockvilla, MD) • Paripharal blood 
aononuclaar call (PBMC) , platalat and granulocyta populations 
froa normal human donora vara praparad aa daacribad (Kunicki 
at al., 1988, aupra ; Waynar at al«, 1988, aupra ) . Paripharal 
blood calls from patianta vith acuta lymphocytic, large 
granular lymphocyta (L6L) or ayaloganoua leukemia vara 
cbtained froa Dr. I. Berne tain and Dr. T. Loughran (Fred 
Hutchinson Canc.r Research C.nt.r) . Hunan lynphokin. (500 
U/ml IL-2) activate killer (LAK) ells and th. monoclonal 
HIA B7 specific human cytotoxic T lymphocyta (CTL) call line, 
C1C4, w.r. praparad according to standard protocols (Grimm et 
al., 1982, J. Exp. Mad., 153:1923-1941; Glasabrook, A. L. and 
Pitch, P. W., 1980, J. Exp. Mad., 151:876-893; Brooks, 1983, 
Natur., 305:155-158; Waynar, E. A. and Brooks, C. 6., 1984, 
J. Immunol., 132:2135-21421 Waynar, E. A. and Cartar, W. G., 
1987, J. Call Biol., 105:1873-1884). Tha EBV transformed B 
lymphocyta call Una (BLCL) , ST-1, was darivad from th. donor 
spl.en usad in tha production of tha C1C4 CTL Una. All 
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other call lines and cell culture conditions wsrs as 
prsviously described (Waynar, E. A. and Carter, if. 6., 1987, 
supra t Waynar at al., 1988, supra ) . 

6.1.3. ANTIBODIES 

A rabbit polyclonal antibody, AB33, prepared against 
the cytoplasmic domain of the fibronectin receptor, aSfil, was 
used to detect aSfil in focal adhesions. Monoclonal antibodies 
A1A5, against the common integrin (Hynes, R. O., 1987, supra) 
01 subunit of the VIA family of receptors (Hemler, M. E., 
1988, supra ) and B5-G10 to the VIA 4 a subunit (Hemler et al., 
1987, supra ) were obtained from Dr. Martin Hemler of the 
Dana-Farber Cancer Inst., Boston, MA). Monoclonal antibodies 
to the Integrin receptors o3*l (P1B5) , a2ftl (P1H5) and aSfll 
(P1D6) have been described and were developed in this 
laboratory. P1R5 and P1D6 inhibit fibroblast and platelet 
adhesion to collagen and fibronectin-coated substrates, 
respectively (Waynar, E. A. and Carter, W. 6., 1987, supra ; 
Kunicki et al., 1988, supra t Waynar et al., 1988, supra) . 

Monoclonal antibodies to lymphocyte adhesion 
receptors were produced by the methods of oi and Herzenberg 
(Oi, V.T. and Herzenberg, L.A. 1980, Immunoglobulin producing 
hybrid cell lines. Xju selected Methods i n Cellular 
Immunology. Ed. bv B.B. Mlshell and S.M. Shiial. W.H. 
Freeman and Co.. San Francisco, pp. 351-373) and Taggart and 
Samloff (Taggart, R.T. and Samloff, I.M., 1983, Science, 219, 
1228-1230) as described (Waynar and Carter, 1987 i Waynar, et 
al., 1988). Spleens from RBF/DN mice immunised with 100 jil f 
packed T lymphocytes were removed and fused with NS-1/F0X-NY 
myeloma cells. Viable heterokaryons were selected in RPMt 
1640 supplemented with adenine/aminopterin/thymidlne (Taggart 
and Samloff, 1983) . Rybridomas producing antibody directed 
to lymphocyte adhesion receptors were screened by specific 
inhibition of lymphocyte adhesion to fibronectin-coated 
surfaces and cloned by limiting dilution. 
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* 

* 

Although A1A5 (Hemler et al., 1987, J. Biol. Chen. 
262:3300*3309) reacts specifically with the 01 subunit of the 
integrin receptors, and has been reported to inhibit cell 
adhesion, Takeda et al. (1988, J* Cell. Biochem. 37:385-393), 
this reagent has never been observed to inhibit adhesion of 
lymphocytes to any surface. Therefore a functionally dafined 
antHl aonoclonal antibody, P4C10, was producad using the 
previously described techniques ( supr a) and by screening 
inhibition of cell adhesion to multiple ligands. P4C10 has 
been shown to inhibit adhesion of cells to fibronectin, CS-1, 

10 

collagen and laminin coated surfaces and reacts with $1 by 
standard biochemical criterion. 



6.1.4. INHIBITION OF CELL ADHESION TO INTACT 
FIBRONECTIN AND FIBRONECTIN FRAGMENTS 

IS Antibodies that would alter cell adhesion to 

purified plasma fibronectin, tryptic fragments and CS 
peptides were identified as previously described (Wayner and 
Carter, 1987). Briefly, 48 well virgin styrene plates were 
coated with human plasma fibronectin (S pl/ml) . The plates 

20 were blocked with PBS supplemented with 10 mg/ml heat 
denatured BSA (HBSA) . T lymphocyte or HT1080 cells were 
labeled with Ha, 51 Cr0 4 (30 MlCi/ml for 2-4 hr) , washed, and 5 
X 10 4 HT1080 or cultured T cells or 5 X 10 10 FBL/vell were 
incubated with hybridoma culture supematants (1:2 dilution 

25 i n pbs supplemented with 1 mg/ml heat denatured BSA) or 
control myeloma cell culture supernatant for 15 minutes at 
room temperature. The cells were allowed to adhere to the 
protein-coated surfaces in the presence of the hybridoma 
supernatants for 15-30 minutes (HT1080) or 2-4 hours 

30 (lymphocytes) at 37*C. Non-adherent cells were removed by 
washing with PBS, and the adherent cells were dissolved in 
SDS/NaOH and bound 51 Cr-cpm were quantitated in a gamma 
counter. 
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6.1.5. IMMUNE PRECIPITATION , AND SEQUENTIAL IMMUNE 

PRECIPITATION, V8 PROTEASE PEPTIDE MAPPING AND 
POLYACRYLAMIDE GEL ELECTROPHORESIS ; 

Viable cells vere aurface labeled with 125-iodine aa 
daseribad (Waynar and Carter, 1987) folloved by extraction 

5 with 1% v/v Triton X-1QJD detergent or 0.3% CHAPS detergent in 
50 bM phoaphata buf farad aallna pH 7.2. In some casas lnM 
CaCl, was added to tha lysis buf far. ImM phanylaathyl 
sulfonal fluoride, IBM N-ethylmaleimide, 1 pl/ml laupaptin and 
1 pg/al trypsin soybean inhibitor vara usad as protaaaa 

10 inhibitors. Immune precipitation and saquantial immune 

praeipitations vara performed exactly as previously described 
(Waynar and Carter, 1987 , supra ) . Peptide analysis f olloved 
the basic procedure of Cleveland at al. (1977, J. Biol. Chen. 
252 : 1102-1106 ) with nod if ications as described (Waynar and 

15 Carter, 1987) . Polyacrylamide slab gels containing sodium 
dodecyl sulfate (SDS-PAGE gels) vere prepared following the 
basic stacking gel systea of Laemmli (1970, Nature' 227:680- 

685). 

*n 6.1.6. PREPARATION OF TRYPTIC FRAGMENTS FROM 

HUMAN PLASMA FIBRONECTIN AND SYNTHESIS 
OF CS PEPTIDES 

Hunan plasma f ibronectin vas a generous gift from 
Drs. Horowitz and R. Schulnan (Nev York Blood Center, NY). 
Fibronectin vas digested vith TPCK-trypsin for 90 sin at 

25 37 *c, and the digest vas fractionated by affinity and ion- 
exchange chromatography as previously described (Garcia-Pardo 
•t al., 1987, Biochem. J. 241:923-928* Garcia-Pardo at al., 
1989, Exp. Cell Res. 181»426-43i). Two overlapping peptides 
spanning the initial 48 residues of the IIICS region of human 

30 fibronectin (CS-1 and CS-2) vere synthesized and coupled to 
rabbit IgG as described (Humphries et al., 1986, and 
Humphries et al., 1987, J. Biol. Cham. 262:6886-6892). 



WO 91/03252 



36 



PCT/US90/04978 



10 



15 



20 



25 



30 



6.1.7. FLUORESCENCE ANALYSIS OF RECEPTOR EXPRESSION 

Expression of ECMRs on calls In suspension was 
analyzed by ona or two color flow cytometry on^n EPICS 750 
dual laser call sortar (Coulter, Hialeah, FL) . Positive 
fluorescence was determined on a 3 decade log scale and 
fluorescence intensity (log P2) was expressed as mean channel 
number (0-255) . Background fluorescence for a non- immune 
mouse IgG negative control was determined for each cell 
population and subtracted. Adherent cells were trypsin! zed 
and allowed to recover for 15 minutes at 37 *C in the presence 
of serum before use for flow cytometry. For one or two-color 
fluorescence measurements, 10* cells in suspension were 
incubated for 30 minutes with protein G-Sepharose purified 
goat IgG (20 pg/nl) and then with first stage antibodies at 
4*C for 60 minutes, washed in Hanks Balanced Salt solution 
containing 10 mg/ml HBSA and 0.02% sodium azide 
(Hanks/BSA/SA) and incubated with FITC-conjugated rabbit 
anti-mouse IgG for 60 minutes at 4*C in Hanks/BSA/SA. They 
were washed and fixed in cold 2t paraformaldehyde (prepared 
fresh) in PBS. For two-color fluorescence purified and 
biotinylated monoclonal antibody was then added to the FITC- 
stained and fixed cells to a final concentration of 1 ug/ml 
in Hanks/BSA/SA and incubated at 4"C for 60 min. Prior 
fixation with 2% paraformaldehyde had little effect on 
expression of lymphocyte integrin receptors; The fixed cells 
were washed and incubated in 0.5 ml Hanks/BSA/SA containing 
phycoerythr in-conjugated strepavidin (Bionetics) at 1/50 
dilution for 30 min at 4*C. Finally the stained cells were 
washed and fixed again in 2% paraformaldehyde in PBS and held 
at 4*C in the dark for analysis on the EPICS flew cytometer. 

6.1.8. LOCALIZATION OF RECEPTORS IN FOCAL ADHESIONS 

Adherent cells were tr.,psinized, washed in RPMI 
supplemented with 1 jig/ml BSA plus 100 ug/ml soybean trypsin 
inhibitor and allowed to adhere to acid washed and silanized 
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glass cover slips coated with fibroneetin, laminin or 
eellagsn (20 ug/ml) in the absence of serum for 1-4 hour as 
described (Cartsr and Wayner, in preparation) . At tha end of 
the incubation non-adherent cells were removed and adherent 
cells were fixed in 100 mM sodium eaeodylate, 100 mM sucrose, 
4.5 mM CaCl., 2% formaldehyde for 20 min. they were 
permeabilized with 0.5% Triton X-100 for 5 minutes, then 
washed and blocked with 25% goat serum in PBS. The 
permeabilised cells were stained with antibodies to specific 
receptors (60 minutes at room temperature) , washed and 
incubated with either PITC-conJugated goat anti-mouse or 
rhodaain«- conjugated goat anti-rabbit IgG (45 minutes at room 
temperature) and washed again. The cover slips were inverted 
onto glass slides for fluorescence and interference reflexion 
microscopy (IRM) as described (Xzzard, 8.C. and Lochner, 

L.R., 1976, J. Cell. Sci., 21, 129-159). 
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6.1.9. TISSUE STAINING 
The distribution of the integrin receptors in tissue 
was determined by fluorescence microscopy of cryostat 
sections. Cryostat sections (6 urn) were prepared from human 
skin, tonsil, or tumor samples embedded in OCT medium after 
snap freezing in isopentane/ liquid nitrogen. All sections 
were fixed in 4% paraformaldehyde in PBS prior to incubation 
with primary antibodies and secondary fluorescent antibodies 
as described (Carter and Wayner, 1988, J. Biol. Cham. 
263 s 4193-4201) . In control experiments, no fluorescence of 
rhodamine was detected using the fluorescein filters or vice 
versa. 
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6.2. RESULTS 

6.2.1. IDENTIFICATION OP AN ALTERNATIVE 
FIBRONECTIN RECEPTOR 

Cultured T lymphocytes (Molt 4), K562, RD 
(rhabdomyosarcoma) and HT1080 (fibrosarcoma) cells and 
8 freshly derived PBL (not shown) adhered to fibronectin-coated 
surfaces (Figure 1: open bars). However, Molt 4 and RD 
cells expressed low or undetectable levels of the prototype 
fibronectin receptor (integrin a 301) recognised by monoclonal 
antibody P1D6 (Figure 1: striped bars). Consistent with 

10 this, adhesion of Molt 4 and RD cells to fibronectin could 
not be completely inhibited by P1D6 (Pigure 1: solid bars). 
Alternatively, adhesion of cells to fibronectin that 
expressed abundant a50l (HT1080 and X562) could be effectively 
inhibited by P1D6. Furthermore, the synthetic peptide R6DS 

18 did not completely inhibit T lymphocyte adhesion to plasma 
fibronectin (50-70% for Molt 4 or Jurkat cells versus 80-90% 
for fibroblasts and 100% for K562-1 cells) . Together, these 
data suggested that some cells, such as T lymphocytes, 
express fibronectin adhesion receptors other than aSfil. 

20 We attempted to identify other putative fibronectin 

receptors by preparing monoclonal antibodies to cultured T 
lymphocytes and screening them for their ability to 
specifically inhibit lymphocyte but not fibroblast adhesion 
to fibronectin-eoated surfaces. Using this protocol several 

28 monoclonal antibodies (P4C2, P3E3, P4G9) were identified that 
inhibited cultured T lymphocyte but not HT1080 cell adhesion 
to fibronectin (Table 3). 
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TABLE XZZ 



SPECIFIC INHIBITION OF LYMPHOCYTE ADHESION TO PLASMA 
s FIBRONECTIN BY MONOCLONAL ANTIBODIES P3E3, P4C2 AND PPG49 



FIBRONECTIN ADHESION 
(% OF CONTROL) 



CELLS SP2 ?'.D6 P3B3 P4C2 P469 



15 PBL 100% 43% 38% 10% 52% 

Jurkat 100% 22% 33% 12% 48% 

Molt 4 100% 18% 12% 8% 39% 

HT1080 100% 5% 98% 93% 104% 
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Xmmune precipitation from Triton X-100 detergent lysates 
prepared with 125 I-surface labeled PBL (not shown). Molt 4 or 
HT1080 (Figure 2) cell* shoved that the inhibitory monoclonal 
antibodies (data shown for P3E3) reacted with a single 
protein present in lymphocyte extracts that migrated at M 
150,000 (pl50) in the presence (not shown) or absence (Figure 
2) of reducing agent. Under these immune precipitation 
conditions pl50 lacked an apparent a-fi subunit structure and 
did not migrate with either the e or 0 subunit of the 
integrin receptors e2£l or s3£l (Figure 2). The antigen 
immune precipitated from Triton X-100 detergent extracts 
prepared with chronically activated CD8+ killer T lymphocytes 
(1AK) or CTL (not shown) contained, in addition to pl50, 
relatively large quantities of two smaller proteins that 
migrated at M 80,000 and 70,000 in the presence (not shown) 
or absence of reducing agent* V8 protease peptide mapping 
revealed that p80 and p70 were proteolytic fragments of pl50 
(not shown) . These lower molecular weight forms could be 
immune precipitated from chronically activated T cells even 
when detergent extracts were prepared in the presence of 
multiple protease inhibitors (Figure 2 legend) . p80 and p70 
were virtually absent from extracts prepared with resting 
PBL, cultured T (Molt 4, Jurkat) or B cell leukemias and RD 
cells. 

The biochemical characteristics of plSO suggested 
that it night be related to tha VIA 4 antigan dascribad by 
Healer (Healer at al., 1987). This was confimad by 
sr antial immune pracipitation (not shown) with a VIA 4 
siM-.ific Bonoelonal antibody, B5-C10. plSO was established 
as an a subunit of the integrin super family by its 
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association with 01 when immune precipitations were carried 

125 

out after CHAPS detergent (0.3%) solubilization of I 



surface labeled T lymphocytes in the presence of IBM a 
(Figure 3). Under these conditions «4 was precipitated as a 
heterodiaer with fil. The identity of fil was confined by V8 
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protaaaa paptida mapping (not shown) . Tha a401 hatarodinar 
iaauna pracipitatad fron T lyaphocytaa with tha inhibitory 
■onoclonal antibodias (P3E3, P4C2 and P4G9) was ahown to ba 
distinct froa tha prototypa fibronectin racaptor, aSfil, 
isnmxna praeipltatad with P1D6 by thraa critaria. 1) Tha 
8 ralativa quantities of o4>l and oS/U prasant in datargant 
extracts of T iyaphocytas wara distinct with highar lavals of 
•4*1 baing prasant (Pigura 3) . This was in agraaaant with 
tha data wa obtainad using flow cytoaatry (Pigura 1) . 2) In 
saquantial iaauna precipitation expariaents, aonoclonal 
antibodias to a*fil did not preclear oS01 fnow ahown) . 3) Tha 
V8 protaasa peptide naps darivad froa tha a4 and »5 subunits 
pracipitatad vlth aonoclonal antibodias P3E3 and P1D6 wara 
claarly distinguishabla (not ahown). Purtheraore, undar tha 
conditions (0.3% CHAPS and laM CaClj) used to sclubilize tha 
conjugate of aAfiil froa Jurkat calls (Pigura 3) anothar 
protain of highar aolecular waight (pl80) also raactad with 
tha aonoclonal antibodias or co-pracipitatad with o4*l. Pl B ° 
was absant froa axtracts praparad with P1D6 aonoclonal 
antibody (Pigura 3) , non-lyaphoid calls or Triton^x-ioo 
datargant axtracts praparad in tha absence of Ca . Tha 
ralationship of pl80 to othar intagrins ia not known, sinca 
a4 could ba iaauna pracipitatad without fil aftar 
solubilization of T calls with Triton X-100 in tha abaence of 
Ca** this ravaalad that tha inhibitory aonoclonal antibodias 
28 recognized apitopas prasant on tha «4 subunit (Pigura 2) . 

6.2.2. DISTRIBUTION OP «401 AND o501 IM 

CULTURED r *T-ta mn TTSSOE 

As has baan praviously raportad (Healer, supra) , 
» a4*l was widaly distributad on nuclaatad haaatopoiatic calls 
(Tabla IV). 
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TABLE IV 

DISTRIBUTION OF THE FZBRONECTZN 
RECEPTORS a 4 fi x - AND ON HUMAN CELLS 



'4*1 



Ralativa 

Flourascanca 

Xncansity 



+/- or - 



+ 
♦ 

♦ 



«■/- 



10 



Calls 



Hj Hamatopolatic Calls 
PBL 

LGL (CD3-, CD16+) 
Monocytos (CD16+) 
Granulocytas 



20 



Platalats 
Splaan 
Tonsil 

ALL (T or B) 

LGL Laukania (CD3+, CD4+) 
AKL 
BLCL 

Molt 4 (CD3+, CD4+) 

Jurka (CD3+, CD4+) 

YT (CD3-) 
3qPRA blasts (CD4+) 
CTL (COS 4, CD84-) 
LAX (CD3+, CD8+) 
HL-60 
U937 
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'4*1 



alativa 
Floursscanca 

Xntanslty 



K362-1 



yjfaroblaata 



(P5) 
10HT1080) 

RD 
VA13 



gplthallal Calls 

1S0C-1 
OVCAR-4 7 

T47D 
QG56 
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Two-color flow cytometry revealed that all lymphocyte 
subpopulations derived from aplaan, tonsil and parlpharal 
blood oxprasaad abundant aAfil. In addition, parlpharal 
blood monocytes, f rashly derivad acuta lymphocytic (I or B) 
leukemias, all larga granular lymphocytic (LGL) and 
myelogenous laukamias and cultured f and B lynphocyta call 
linas va examined expressed abundant a4ffl (Table IV) . 
Normal human blood platelets and granulocytes ware negative 
for aAfil (Table IV). Normal human blood platelets and 
granulocytes were negative for «4fll. In contrast, the only 
hematopoietic cell populations that expressed a5fil were 
activated T cells, platelets, monocytes and granulocytes, 
acute lymphocytic (T or B) and myelogenous leukemias and 
cultured K562, HL-60 and U937 calls. Soma cultured T (Molt 
4 or Jurkat) and B (ST-1) call lines expressed low levels 
of aSfil as detected by P106 monoclonal antibody. In some 
normal individuals, a subpopulation of PBL ware positive 
for P1D6 fluorescence detected by flow cytometry. We are 
investigating the nature of this subpopulation of PBL which 
express oSfil. TY cells, a CD3 T call lymphoma, ware 
completely negative for P1D6 by flow cytometry. These 
results show that the major fibronoctin receptor 
constitutively expressed by resting T lymphocytes is aAfil 
and as we have previously reported (Wayner at al., 1988) 
expression of aS*lin T lymphocytes is restricted to 
25 leukemic or activated cultured cells. Interestingly, most 
fibroblast cell lines expressed low levels of aAfil while 
large vessel endothelial cells (HUVEs) and cultured 
epithelial cells were negative for aAfil by flow cytometry. 

In tissue, aAfil was present in adult spleen, 
lymph node and tonsil and essentially absent from all other 
tissues we exaained. In addition, the relative quantities 
of the f ibronectin adhesion receptors expressed by cells in 
specific tissue domains varied dramatically. For example, 
PBL and lymphocytes in tonsil and cortex and germinal 
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center arus expreeaed large quantities _of e401 but 
virtually no a5fil. «4«1 was also found in apithalial 
regions in adult lymphatic tissue, but whether thia waa the 
raault of lymphocyte infiltration of theae araaa or 
expression of a4Al by lymphatic apithalial cella waa 
unclear. 

6.2.3. o401 LOCALIZES IH PIBR0HECT1M-DEPEHDENT 

FOCAL ADHESIONS ; 

There is a apacific raorganization of call 

10 aurfaca adhaaion racaptora to tha focal adhaaiona whan 
calla ara grown on tha appropriate Uganda in tha abaence 
of aerum ( reviewed by Burridge at al., 1988, Ann. Rav. call 
Biol., 4, 487-525). Sinca aoae fibroblaata express a4*l wa 
X invaatigatad whether thia receptor would dietribute into 

15 focal adhaaiona *han fibronectin waa uaad as tha adhaaion 
substrate. Aa cvu be aaan in Figure 4 (A and C) , tha 
primary focal contact sites or focal adhaaiona could be 
visualized by intarfaranca raflaxion microscopy (Izzard, 
S.C. and Lochnar, L.R., 1976, J. Call. Sci., 21, 129-159) 

20 when RD calla wara grown in fibronectin. Aa wa and others 
have reported (Roman, J., LaChance, R., Broekelmann, T.J., 
Roberta, C.J., Wayne r, e.A., Carter, W.G;, and Macdonald, 
J., 1988, J. Call Biol. 108:2529-2543), in tha absence of 
serum e501 waa concentrated at tha focal adhaaiona whan RD 

25 calla wara grown on fibronactin (Figura 4B, arrows) but not 
laminin-coated aurfacea. Likewise, staining with 
monoclonal antibody P4C9 (Figure 40, arrowa) revealed that 
e4*l waa also concentrated in focal adhaaiona whan calla 
wara grown on fibronactin but not laminin-coated aurfacea 

» (not shown) . These reaulte demonstrate a specific 
interaction of o401 with fibronactin present in focal 
adhaaiona, tha primary adhaaion structure of cultured 
calla. 
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The presence of both receptors in focal contacts 
suggested tha possibility that a4fil and a5*l bind to 
distinct adhssion saquancaa in fibronactin. In fact, 
avidanca for this was obtainad whan P4C2 and P1D6 vara usad 
simultaneously to inhibit call adhssion to intact plasma 
fibronactin. P1D6 and P4C2 vhen used together completely 
inhibitad adhesion of T lymphocytes and partially inhibited 
adhesion of RD cells to intact plasma fibronactin (Table 
V). 
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TABLE V 

COMBINED EFFECT OF MONOCLONAL ANTIBODIES P1D6 ANDP4C2 
ON T LYMPHOCYTE AND RD CELL ADHESION TO FIBRONECTIN 



ANTIBODY 



SPECIFICITY 



ADHESION 
(% OF CONTROL + SD) 



10 



P1D6 
P4C2 

P1D6 * 
P4C2 



Jurkat 



IS 



P1D6 

P4C2 



aAfil 



a501 
o401 



100% 
81 ♦ 11 
99~+ 7 

36 + 8 



100% 
26 + 9 
38~+ 14 



P1D6 + 
P4C2 
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25 



30 
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Interestingly, unlike T lymphocytes, neither P1D6 nor P4C2 
alone vara good inhibitors of RD coll adhesion to intact 
plasma fibronoctin. RD cell adhesion to fibronectin could 
bo efficiently inhibited by.PlD6 and P4C2 only when used 

together* 

5 " 

6.2.4. <*451 FUNCTIONS AS THE RECEPTOR FOR AN 
R60 INDEPENDENT ALTERNATIVE ATTACHMENT 
SITE IN FIBRONECTIN 
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The preceding results (Table III, Table V, 
Figure 1, Figure 4) clearly indicated that attachment of 
suae cells to plasma fibronectin was mediated by t i 
independent cell surface receptors. o401 and oSfll. It has 
been well documented that the ligand for aSfil in 
fibronectin is the 80 kDa cell-binding domain which 
contains the RGD sequence (Pytela, R., Pierschbacher , M.D. , 
and Ruoslahti, E. , 1983, Cell, 40:191-198). To determine 
the region of fibronectin that interacts with o4*l we 
examined the adhesion of cultured T lymphocytes to various 
proteolytic fragments of plasma fibronectin (see Figure 5A 
and B) , as well as the effect of monoclonal . antibodies P1D6 
and P4C2 on lymphocyte adhesion to these fragments. As 
shown in Figure 6, Jurkat, YT and Molt 4 cells attach to a 
38 kDa fragment containing the Heparin (Hep) II domain much 
more efficiently than to an RGD-containing fragment (80 
kDa) . Jurkat and Molt 4 cells also attach in a dose 
dependent manner to another Hep II domain containing 
fragment of 58 kDa. Maximum cell attachment to the 58 kDa 
fragment, however, reached only 30% of that achieved by the 
38 kDa fibronectin fragment. This suggests that the 38 kDa 
fragment contains a high affinity attachment site for T 
lymphocytes. T - lymphocytes did not adhere to the N- 
terminal 29 kDa fragment containing the Hep I domain of 
plasma fibronectin. In general, freshly derive PBL showed 
a similar pattern of attachment as Jurkat or Moxt 4 cells 
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end the ability of f rashly derived PBL to bind to tha 80 
JcOa fragment corralatad with axpraaaion of aSfll. Othar 
hematopoietic call lines such as K562 calls (Figura 6) 
exhibited a claar prafaranca for tha 80 kOa fragment of 
plasma fibronactin whila RD calls axprassad promiscuous 
adhesion to all tha gragments of plasma fibronactin tasted 
axcapt tha N-terainal 29 kDa fragment. ROGS (1 mg/ml) 
partially inhibited (50%) Jurkat cell adhesion to intact 
fibronactin and completely (100%) inhibited their adhesion 
to tha 80 kOa fragment. Jurkat cell adhesion to the 38 kDa 
fragment was unaffected by RGDS (up to 1 mg/ml). 

As va have previously shown (Table 3 and Figure 
1) , monoclonal antibodies to *4fil and a501 partially 
inhibited T lymphocyte adhesion to intact plasma 
fibronactin (Figura 7, top). As expected, P106 completely 
inhibited adhesion of T cells to the 80 kDa fragment which 
contains the RGD adhesion sequence (Figure 7, middle). 
P1D6 did not inhibit T lymphocyte adhesion to tha 38 kDa 
(Figura 7, bottom) or 58 kDa fragments. In contrast, P4C2 
completely inhibited T lymphocyte adhesion to tha 38 kDa 
fragment and had no effect on adhesion to the 80 kDa 
fragment (Figure 7) . Furthermore, adhesion of T 
lymphocytes to the 58 kDa fragment which also contains Hep 
XI could be inhibited by P4C2 . In every case other T 
lymphocyte cell lines which express both oAfil and aSfil 
(such as Jurkat calls) behave exactly as Molt 4 cells 
(Figure 7). As seen in Table 4, X562 cells express only 
a5fil. Adhesion of XS62 cells to the 38 (Figure 6) and 58 
kDa fragments was greatly reduced when compared to their 
adhesion to the 80 kDa fragment (Figure 6) . Adhesion of 
these cells to intact plasma fibronactin (Figure 1) or the 
80 kDa fragment could be completely inhibited by P1D6. On 
the other hand, YT cells which do not express aSfil (Table 
IV) adhere poorly to intact plasma fibronactin and the 80 
kDa fragment (Figure 6). These cells require 2-3 times 
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longer to .dh.r. to pl..«a f ibron.ct in-coated aurfaca. than 
jurkat or Molt 4 coll.. W coll., however, adh.ro 
efficiently and in a do- dependant manner to the 38 kDa 
fragment (Figure 6, and adheaion of th— call, to th. 38 
kD.fr.gm.nt could be completely inhibited by P4C2. Th.se 
data indicat. a direct corrolation between expr—ion of 
.4/11 and th. ability to attach to fragment, of plaama 
fibron.ctin containing th. H.p II and IIICS region.. 
Furth.rmor., th... data .how unequivocally that .4*1 
function, a. the receptor for thi. alt.mativ. cell 
adhesion dona in. 

6>2 .5. -A f 1 IS THE TVMPHOCYTE PBCEPTOR FOR CS^l 

Th. IIICS region pr...nt on th. A chain of 
P l.«na fibron.ctin (Figur. 5) contain, at l.a.t two .if. 
r..pon.ibl. for ..dieting cell adheaion to "^on.ctin 
(Humphrie. .t al. f 1986, J. Cell Biol. U1.1U7-IC47. 

iu^hri.. .t .1., 1987, J. Biol. Chem. 262:6886- 689 , 

Humphrie. .t .1., 1988, J. Cell Biol. 106:1289-1297, . 
U.ing a ..ri.. of overlapping .ynth.tic p.ptid.. .panning 
th. .ntir. IIICS region (CS peptide., Humphri.. and co- 
worker. .how.d that th. CS-1 (N-t.rminal, p.* ld " 
contained adhe.ion ..qu«ice. recognized by tnou.e melanoma 

_ * . fcl 1Qft < 1987). We have shown here 
calls ( Humphries st al.# 198© , i»s/|» 

£t th. ». f»,-»* -fin. . hi*. ^ -"^ 
.It. by huwn T ly^hocyt.. .nd that .4/,! i» 

neuter «hlch ..di.t.. T lyM>oeyt. .dh..len to M B*. 
Thl. fr.«wnt do., not eonfin th. CS-S .it. bat it do., 
eonfin th. .ntir. CS-1 »9lon <c«ei.-*«*» 19,7 ' 

Bioeh... J., J11'»W-» M > « hleh m d ' tln " i ! , ' . t 
.«i»it, .dh..ien -it. for »X»-. ell. <~ » - 

.1.. 1MT. J. Biol. Ch«. 262<«»B«-«W2) . Th.r.for. it ... 

of i»t.r..t to d.t.»in. if T ly-phocyt.. would 
.nd bind to CS-1 «d if .«» «M th. r«.P«r involve in 
this interaction. 
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T lymphocytes (Jurkat or Melt 4 calls) recognize 
and attach to CS-1 (rabbit IgG conjugate) -coatad plastic 
surfacas (Tabla VI) ._ T lymphocytes (Jurkat) do not attach tc 
CS-2 (rabbit IgG conjugate ) coatad surfacas or to plastic 
surfacas coatad with rabbit IgG alona. Furthermore, 
S monoclonal antibodies to e4*l (P4C2) completely inhibited T 
lymphocyte adhesion to CS-1 while antibodies to aSfil (P1D6) 
had absolutely no effect (Table VI) . As we have previously 
shown antibodies to e4jl completely and specifically 
inhibited T lymphocyte adhesion to the 38 kDa fragment 
(Table VI) while antibodias to e3Jl specifically inhibited 
adhesion to the RGD containing 80 kDa fragment. 
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TABLE VI 

INHIBITION OP T LYMPHOCYTE ADHESION TO CS-1 
PEPTIDE WITH MONOCLONAL ANTIBODIES TO a4fil 



LI SAND 



IqG 



ANTIBODY 
P4C2 



P1D6 



10 



IS 



80 kDa 
38 kDa 



CS-1 



CS-2 



8S80 ♦ 214 
22680 ± 1014 
44339 + 513 
2576 + 214 



7154 ♦ 398 
114 ♦ 78 
841 + 555 
535 + 258 



202 + 105 
24917 + 352 
42897 ♦ 728 
435 + 168 



20 



PCT/US90/0497S 

WO 91/03252 

-52- 



10 



IS 



20 



6.3. PISCOSSION 

using .onoclbnal antibody technology (Waynar, 

„ _ o4 „* rnu i eI r. and T.J. Kunicki. 1988, J. 
E.A., Cartar, W.G. , Piotrovicz, k. 

Call Biol., 10: 1881-1891) va hava: id.ntifiad a now 
r^ronlcti; racaptor .4,1. Monoclonal antibodi.. > P3B3, P4C2 
and p4C9 wognitad apitopaa on tha .4 aubunit and 
c^plltaly inTibitad th. adhaaion of p.riph.r.1 blood and 

cu^urad T lysphocyta. to a 38 KD. ^^'"^V.parin 
plan, fibronactin containing th. carboxy tarainal Haparin 
II domain and. part of th. typ. Ill connoting 
(IICS). Th. ligand in IHCS for .4,1- v.. th. C8-1 ragion 
pr^ioualy d.fin.d a. an adhaaion ait. for »al.no»a call.. 
Th. functionally d.finad monoclonal antibodi.. ^ 
partially inhibits T lyaphocyt. adhaaion to intact pl.«a 
fibronactin and had no af fact on thair att.ch.ant to an 80 
^ tryptic fragrant containing th. BCD adhaaion aa-uanca. 
Monoclonal antibodia. (P106 and P1F8, to th. 
daacrib^ fibronactin rac.ptor, .5,1, co.plat.ly i***"* 
T lyaphocyt. adh..ion to th. 80 kD. f r.gwnt but had no 
affact on thair atta chmant to th. 38 kDa f rag-nt or to 
Tl Both .4,1 and .5,1 localirad to focal adhaaion. whan 
fibroblast, which axpraa. th... racaptor. «« 9*°™ °« 



28 



WO 91/03252 



PCT/US90/04978 



-53- 



10 



IS 



20 



25 



fibronactin-coated surfaces. These findings demonstrated a 
specific interaction of both receptors with f ibronectin at 

focal contacts. _ ' 

Recently, Bernard! et al., 1987, supra; Liao et 
al., 1987, Exp. Cell, Res., 171:306-320; Liao et al., 1989, 
Exp. Cell Res., 181:348-361 reported that sons B lymphocyte 
cell lines bind to a region of plasma f ibronectin located 
within the carboxy terminal Hep ZZ domain. Liao et al., 
1987 , supra identified an integrin-like receptor on B 
cells. However, it is not clear whether the protein they 
described was aAfil, o2*l or <*501. Bernard! et al., 1987, 
supra also identified fibronectin receptors expressed by B 
lymphocytes. Interestingly , in this study, B cells which 
attached to fragments containing Hep ZZ expressed a 
receptor similar to a A pi while cells which attached to the 
RGD containing cell adhesion domain expressed a receptor 
similar to o5£l. However, from these data it was also not 
possible to clearly identify the receptor involved in 
binding. Together, the results of these previous reports 
and the present findings provide clear evidence in support 
of i) the existence of an alternative adhesion domain 
present in the carboxy terminal region of plasma 
fibronectin and ii) a role for a A pi as the receptor for 
this alternative adhesion site. Zt will be interesting to 
determine the precise amino acid sequences responsible for 
aifil interaction with fibronectin. Since neither the 38 or 
58 kOa fragments or CS-1 contain an RGD sequence 
(Xornblihtt et al., 1985, supra ; Garcia-Pardo, 1987, supra; 
Humphries et al., 1986, supra ; and Humphries et al., 1987, 
supra) , it is clear that characterisation of the ligand for 
a* pi will Identify a new amino acid sequence important for 
cell adhesion to fibronectin. Since the 38 kDa fragment 
does not contain CS-5 (Garcia-Pardo, 1987, supra ) the 
ninimal amino acid sequence responsible for T lymphocyte 
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adhesion to 38 kOa and tharafora tha ligand for e401 in 
thaaa calls la not arg-glu-aap-val or REDV (Humphries at 

al., 1986, supra). 

Lika a201, tha a4 subunit is weakly aasociatad 
with tha fil subunit. Tha data presented her* (Pigura 2) 
and our pravious findings (Waynar, E. A. and Carter, w. G. , 
1987, supra and Waynar at al. f 1988, supra) show that tha 
functionally daf inad sonoclonal antibedias to alfil and a4jl 
salactivaly intaract with apitopas prasant on tha a 
subunits, basad on imc :ne precipitated of e2 or e4 without 
fil aftar subunit dissociation. Thaaa rasults suggest that 
tha uniqua a subunit is responsible for determining the 
ligand-blnding specificity of each a- fi complex. This 
concept is now further support by the observations 
praaented here that a5 and a4, which are both conplexed 
with fil, mediate adhesion to distinct sitoa on fibronectin. 
This ia not to suggest that tha fi aubunit ia not important 
in binding, but that the specificity of receptor-ligand 
interactions is determined by a or a unique <*-fi complex. 

It is interesting that while XAX cells expressed 
abundant call surface e4Jl it did not appear to be a 
functional receptor ;1 P106 completely inhibited XAX cell 
adhesion to fibronectin. The reason for this could be that 
XAX calls express a degraded form of a4 (see Figure 2) . In 
addition, because they are activated, XAX cells over 
express e581 when compared to resting peripheral blood or 
leukemic T cells (Table VIII) . Xn other cells which 
express larger quantities of eSAl relative to a481 (X562-1 
and HT1080) adhesion to the 80 kOa RGD containing domain 
via aSJl is dominant (see X562-1 cells, Figure 6) . This 
implies that regulation of receptor expression determines 
the ability of a cell to recognise and bind to different 
sites on fibronectin. Furthermore, it is also possible 
that co-expression of the two receptors for fibronectin 
could increase the avidity of cell binding, for example, 
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Jurkat and RD calls express relatively promlscuoua adhaaion 
to flbronaetin whan compared to YT calls which axpraas only 

Tha regulation of call adhaaion of fibronactin 
is .potantially complex avan undar th« simplest possiblo 
conditions , which assume that a5fil and a* 01 function 
indapandantly of aach othar and do not overlap during 
interaction with tha two binding sitas on fibronactin. 
Variation from this simple stata provide* opportunities for 
exquiaitely sonsitiva regulation of coll adhesion. At tha 
laaat complex level, this regulation can be roughly 
categorized as i) processes that control the synthesis 
and/or exposure of the binding aitea on the ligand and (ii) 
regulation of functional expreaaion of tha receptors. 
Examples of regulation at both levels are currently 
available and include, the observation that lymphokines and 
specific antigen induce oSfll expression on T lymphocytes 
followed by increased cell adhesion to fibronectin (Hayner 
at al. f 1988, supra). In addition, the control of mRNA 
apl icing in the 1IICS region of fibronectin (Kornblihtt et 
al., 1985, supra ) during wound ■ healing or inflammation may 
dictate the specificity of receptor- ligand binding in 
resting or activated T calls. Variations from tha simple 
stata are intriguing but require additional experimentation 
to even begin to identify the multitude of potential 
mechanisms. 

In conclusion, these findings show clearly that 
cultured T lymphocytes use two independent receptors during 
attachment to firbonectin and that i) aSfil is the receptor 
for the RCD containing cell adhesion domain, and ii) aAfil 
is the receptor for a carboxy terminal cell adhesion region 
containing the Heparin XX and XXXCS domains. Furthermore, 
these data show that T lymphocytes express a clear 
preference for a region of molecular heterogeneity in XXXCS 
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(CS-1) ganeratad by altarnativa splicing of fibronactin 
pra-mRNA and that o4n is tha racaptor for this adhasion 
sita. 

7. EXAMPLE: LYMPHOCYTE ADHESION TO ACTIVATED 
8 ENDOTHELIUM 18 MEDIATED BY THE BINDING OP 

THE INTEGRIN RECEPTOR «401 TO CS-I IN THE 
TALTERNATIVELY SPLICED IIICS REGION OP 
FIBRONECTIN __ — 

Tha following axparimants damonstratad tha rola 
of tha o401 racaptor and its ligand, CS-1, in mediating T 

10 call adhasion to culturad larga vassal andothalial calla 
and andothalial calls which had baan activatad with a 
variaty of cytokines assoclatad with tha inflammatory 
response, including IL-1, tumor nacrosis factor alpha 
(TNPo) , and tumor nacrosis factor bata (TNPJ) . In 

« addition, tha ability of monoclonal antibodias and paptida 
fragmants to block adherence of lymphocytes to andothalium 
via tha eAfil racaptor was damonstratad. 

7.1. MATERIALS AND METHODS 
20 7.1.1. REAGENTS 

Raagants usad wara as dascribad in Saction 
6.1.1, supra . 

7.1.2. CELLS AND CELL CULTURE 

25 Jurkat (Human T call laukamia) was obtained from 

Dr.. Paul Conlon (Xamunex. Corp. , Seattle, WA) , Ramos (Human 
B call Laukamia) was obtainad from tha Amarican Typa 
Cultura Collection (Rockville, MD). Tha LAD (leukocyte 
adhasion daficiant) and ST-1 B call Unas wara praparad by 
Epstan-Barr virus tansforaation of human B lymphocytas. 
Tha LAD call Una was davalopad from tha B calls of a 
patiant with a daf iciancy in tha fi2 intagrin family of 
adhasion racaptors and was obtainad from Dr. John Harlan 
(Harborviaw Madical Cantar, Saattla, WA) . Human umbilical 
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vein endothelial cella (HUVEs) were purchased from Call 
Systems, Seattle, WA. HUVEs vera maintained in daflnad 
(serum-free) media also purchased from Call systems (CS-100 
madia) . 
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7.1.3. ACTIVATION Of HUVES WITH INFLAMM ATORY CYTOKINES 

HOVEs vara incubated with IL-1 » (1 ng/nl) or in 
soma experiments with TNF a (10 ng/ml) for 6-24 hours. At 
the and of this incubation the HUVE monolayers were washed 
and used in the adhesion assay. 

7.1.4. SYNTHESIS OP CS PEPTIDES 

Peptides derived from the CS-1 region of plasma 
fibroneetin were synthasited and HPLC* purif iad according to 
standard protocols by Dr. Jamas Blake at the Oncogen Corp. , 
Seattle, WA. The CS-1 peptide was conjugated to rabbit 
serum albumin or KLH also according to standard protocols 
by Dr. Jamas Blake. The RGDS control paptide was obtained 
from Peninsula Laboratories (Belmont, CA). 

e 

20 7.1.5. MONOCLONAL ANTIBODIES 

The following antibodias ware developed in this 
laboratory: P1H5, which recognizes the alfil receptor 
(Waynar at al., 1987, J. Call Biol. 105:1873-11884 ; Waynar 
at al. 1988, J. Call Biol. 107:1881-1891); P1B5, which 
recognizes the aifil racaptor (supra); P1D6, which 
recognises the eS*l prototype fibronection racaptor 
described by Pytela at al. (Call 40:191-198); P4C10, which 
recognites the fil submit; and P4H9 which recognises fi2 
(CD18) , using methods described fully in Waynar at al. 
(1987, J. Call Biol. 105:1873-1884) and Waynar at al. 1988, 
J. Call. Biol. 107:1881-1891) which are incorporated in 
their antiraty by rafaranca herein, and described in Table 
IZ. 
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7.1.6. ENDOTHELIAL CELL ADHESION ASSAY 

Human umbilical vain endothelial calls (HUVEs) 
vara cultured in 48 wall plates as described (supra) . To 
measure adherence of lymphocytes to HUVE monolayer 
cultures, lymphocytes were labeled with Na 2 Cr0 4 (SO 
jiCi/ml) for 2-4 hours), washed, and then 10 5 lymphocytes 
vara incubated with HUVE monolayers in the presence or 
absence of inhibitory antibodies or CS-1 derived peptides. 
The lymphocytes were allowed to adhere for 30 minutes at 
37*. Non-adherent cells were subsequently removed by 
washing with PBS, and the adherent cells were dissolved in 
SDS/NaOH . Bound 51 Cr-cpm were quantitated in a gamma 
counter. In some experiments, endothelial cells were 
activated prior to the adhesion assay by incubating with 
IL-1 0 (1 ng/ml) or TNP-* (10 ng/ml) for 6-24 hours in 
defined CS-100 media (Cell Systems, Seattle, WA). 
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7.2. RESULTS 

7.2.1. SURFACE PHENOTYPE OP LYMPHOCYTES PROM 
NORMAL AND LAD PATIENTS 

20 m order to establish what mechanism lymphocytes 

use during extravasation we first determined the surface 
phenotype of normal and. LAD lymphocytes with respect to the 
integrin receptors. These data are in Table VII and show 
clearly that the LAD cells possess a normal call surface 

28 phenotype with respect to the fil containing integrins. 
Since, as expected, the B cells derived from the patient 
with LAO warm negative for fil , this strongly suggests that 
LAD lymphocytes use the fil containing integrins during 
their adhesion to and passage through the endothelium. 
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Tabls VIZ 





Flcursseoncs Analysis of Xntsgrin Rscsptor 






Expression by Nornal and IAD lysphoytss 








Fxourascsnca inttntiiy 




k Rscsptor 


Antibody 


Jurkat (T\ : Ramos (B) ST-1 


XAD 


* 


P4R9 


♦ ♦ ++ 


- 




P4C10 


+++ +♦ + 


+ 


2 


P1H5 


++ ♦ ++ 




10°3 


P1BS 






°4 


P4C9 


++♦ +♦ 




•3 


P1D6 


+ V- v- 





Flourasancs intasity va» datarminad on a thraa dacada log 
acala and ia axpraaaad in arbitrary units with aaeh plus 
indicating 50 units from 0-235 (channal numbars) . A 
plus/minus indicatas a daf inata and raprodueibla shift 
abova background (<50 units) . 
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Tabla VIII 






Adhaaion of T and B Lyvphocytaa 




* 


Rasting and Act i vat ad HUVE Monolayara 






Adhaaion (cpm) a 




5 Call -Lin* 


.Baaal . 

* 


XL-10 


IAD (B) 


29360 


94580 


ST-1 (B) 


11372 


143860 


Ranoa (B) 


1088 


11168 


10 Jurkat (T) 


74196 


352028 


YT (?) 


43396 


189384 



■ counts par ainuta. Tha data ara ffoa a aingla 
raprasantativa axpariaant. 
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7.2.2. ABILITY OF LYMPHOCYTES TO ADHERE TO RESTING 
TO RESTING AND ACTIVATED ENDOTHELIAL CELLS 

Chromiua-lab«l«d lymphocytes from various cell 
lines war* tsstsd for thsir ability to adhsrs to either 
rasting or activated endothelial cells (Table VII) . 
5 Although all the cell lines tested were found to adhere to 
some extent to resting endothelium, adhesion of T and B 
lymphocytes to endothelium activated by either IL-1 or TNF 
was observed to be much greater, by a factor of as much as 
ten-fold. Adhesion of lymphocytes from LAD patients to 
10 endothelium vas not found to be significantly different 
from that observed for ST-1 cell lines derived from normal 
B cells (ST-1) . There vas no difference observed among 
cell lines between adhesion to IL-1 versus TNF activated 
endothelium. 

16 

7.2.3. EFFECTS OF ANTI-RECEPTOR ANTIBODIES 

ON LYMPHOCYTE ADHERENCE TO ENDOTHELIUM 

When the ability of chromium-labeled lymphocytes 
to adhere to endothelium was tested in the presence of 
20 hybridoma supernatants, only monoclonal antibodies directed 
toward a^fi. or fil ware found to inhibit adhesion; 
monoclonal antibodies directed toward other receptors such 
as the prototype f ibronectin receptor and the a301 receptor 
were found to have virtually no inhibitory effect (Table 
25 8 ) . In the presence of monoclonal antibodies P4C2 
(directed toward a^ 1 ) and P4C10 (directed toward fil) , 
adhesion of labeled lymphocytes to endothelium was 
completely abrogated. Interestingly, adhesion of LAD cell 
adhesion vas also inhibited by anti-o^ antibody [P4C2], 
30 indicating that the CD18 receptor is not involved in the 
observed adherence properties. In addition, although ulfil, 
aifil (Table VIII) and fil (not shown) are expressed by 
lymphocytes, antibodies to these receptors did not inhibit 
lymphocyte adhesion to either basal or activated HUVEs (see 
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Table IX). These data show that surface expression of an 
intagrin receptor and binding of an inhibitory antibody to 
it does not nacassarily load to inhibition" of lymphocyte 
binding to endothelium. This inplias a spaeific rola for o4*l 
in mediating lymphocyte adhasion to the endothelium as tha 
first stop in extravasation. Furthermore, since the 
antibodies against a*$l inhibited lynphoeyta adhasion to 
endothelial cells this suggested that the ligand for a A 01, 
the amino acid sequence EILDVPST (see Table XZZ) sight also 
be involved in lynphoeyta diapedesis via binding of aAfil to 
this sequence present in a ligand expressed on the surface 
of the endothelium. 
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Table ZX 

t of Inhibitory Monoclonal Antibodies on Lymphocyte 
Adhesion to ROVE Monolayer* (IL-10 Activated) 



5 Coll Line 



Antibody 



Specificity 



Adhesion (cpa) 
Basal +1L-10 



LAD (B) 



10 



8P2 

P1D6 

P1B3 

P4C2 

P4C10 



"5*1 
a 2*l 
Vl 

"1 



19542 
15688 
19064 
6458 
6360 



104672 
113696 
90912 
38132 



Ramos (B) 



16 



8P2 

P106 

P1B5 

P4C2 

P4C10 



•5*1 
Vl 
Vl 



972 
808 
124 
456 
604 



12157 
11196 
10028 
3688 
3152 



Jurkat (T) 



20 



8P2 

P106 

P1B5 

P4C2 

P4C10 



"5*1 
•2*1 
Vl 



83924 
83956 
66580 
23108 
36892 



372159 
417588 
489952 
136632 
230416 
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7.2.4. THE ROLE OF CS-1 AS LI G AND TO aj. IN 
LYMPHOCYTE ADHE3IOM TO ENDOT HELIUM 

The ability of synthetic CS-1 and derivative 
peptides to inhibit adherence of chromium-labeled 
lymphocyte* to activated endothelial cells was evaluated 
» using various peptides. The synthetic CS-1 peptide was a 
strong inhibitor of T or B lymphocyte adhesion to basal or 
activated endothelial cell monolayers (Tables X and XI). 
Interstingly, the EILDVPST sequence was the minimal peptide 
also required to inhibit lymphocyte adhesion to resting or 

10 activated HUVEs (Tables X and XI) . In some cases, such as 
with the Ramos B cell line, adhesion ot these cells to 
HUVEs could be completely abrogated with the EILDVPST 
peptide. In control experiments (Table XI), the RODS 
sequence which is the ligand for the prototype fibronectin 

15 receptor, e,^, did not Inhibit lymphocyte adhesion to 
resting or activated HUVEs. 
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Tablo X 

it foct of C»-l and Cs-1 Dorivod poptidos on 
Lyaphocyto Adhesion to HUVE's 



5 




- .... ...... " 


Adhosion 


(cpn) 


Coll Lino 


Poptido # 


Saquanca 


Basal 


+XL-10 


IAD (B) 


293A v 


Unrelated 


20856 


74096 




344 


CS-1 


17500 


26172 


10 


350 


VpST 


ND a 


42728 




352 


EILDVPST 


ND 


29484 




354 


GPEILOVPST 


ND 


27219 


Ranos (B) 


293A 


Unralatad 


4856 


11132 


15 


344 


CS-1 


1660 


2828 




350 


VPST 


ND 


4568 




352 


EILDVPST 


ND 


2584 




354 


GPEILOVPST 


ND 


2265 


2oJurkat (T) 


293(A) 


Unrelated 


58084 


129864 




344 


CS-1 


29568 


75772 




350 


VPST 


ND 


127544 




352 


> 

SZLDVP8T 


ND 


93056 


28 _ 


354 


GPEILOVPST 


ND 


89721 



a ND"!tdt datarnlnad 
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T«bl« XZ 

Ef fact of CS-1 and CS-1 Dorivod Poptidos or RGDS on 

Lyaphocyto Adhosion to ROVES 



5 Coll Lino 



Poptido # 



Soquonco 



Adhosion (eps) 
Basal +IL-1B 



Jurkat (T) 



10 



344 

350 
351 
352 



CS-1 
VPST 
L0VP8T 
EZL0VP8T 



161092 
298688 

82404 
203716 
166948 

84456 



314848 

357616 
248976 
322208 
3262C3 
234796 



IAD (B) 



15 



20 



Raaos (B) 



344 

350 
351 
352 



344 

350 
351 
352 



RGDS 

CS-1 

VPST 

LDVFST 

EIL0VP8T 



CS-1 
VPST 
LDVPST 
EZLDVP8T 



44860 

70652 
22976 
38176 
39700 
29964 

2724 

16920 

1844 

4168 

3532 

1696 



71408 

102076 

51560 

98860 

92792 

58784 

12936 

28104 

5160 

15320 

15092 

4964 
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Tabl« XXI 

INHIBITIOH OF LYMPHOCYTE ADHESION TO PZBRONECTZN 
WITH PEPTIDES DERIVED FROM CS-1-B12 



s PEPTIDE SEQtJEHCE INHIBITION 

CS-1 ' ' 7++ 

A13 DELPQLVTLPHPN 

B13 LHGPEILDVPST ♦++ 

10 350 VPST - 

351 IiDVPST • 

352 EZLDVPST 
354 6PEILDVPST 



15 



20 
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7.3. DISCUSSION 

Experimental observations (see Section 6, supra ) 
strongly suggested that ths high affinity binding sits for 
T lymphocytes in plasma fibronectin was located in ths CS-l 
B rsgion of ths IZZCS domain. Ths CS-l region is comprised 
of 25 amino acids (Figure 9) • Therefore, it was important 
to determine the minimal peptide sequence responsible for 
the binding of the lymphocyte o 4 ^ 1 receptor to fibronectin. 
The initial step we took vas to divide the CS-l peptide 
into two smaller peptides, A13 and B12 (Figure 9) and to 
examine whether either of these peptides could compete with 
fibronectin for binding to the a 4 ^ 1 receptor and therefore 
inhibit lymphocyte adhesion to fibronectin. The data 
clearly indicate that the inhibitory activity resides in 
the B12 peptide derived from the carboxy terminal portion 
of CS-l. The next step ve took vas to investigate the 
ability of increasingly longer peptides derived from the 
carboxy terminal portion of B12 to inhibit lymphocyte 
adhesion to fibronectin and CS-l (RSA conjugate) coated- 
sur faces. These data show that with regard to adhesion of 
lymphocytes to plasma fibronectin and CS-l the minimal 
amino acid sequence required for binding of <* 4 fi 1 is 
EILDVPST. 

Polymorphonucleated leukocytes (neutrophils) 
from patients with leukocyte adhesion deficiency (IAD) have 
a defect in expression of the 02 integrin subunit and 
therefore cannot use the 02 containing receptors (LFA-1, 
Mac-1 or p 150/93) in thsir adhesion to the vascular 
endothelium. Neutrophils from these patients therefore, do 
not leave the blood stream to pass into peripheral tissues. 
LAD lymphocytes, however, do undergo diapedesis to pass 
through the endothelium and can be found in tissues derived 
from patients with this disorder. This, therefore, implies 
that lymphocytes use a mschanism distinct from the 02 
containing integrins during thsir passage from the blood 
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•trtu into the peripheral tissues. The following series 
of experiments comprises our attempts to fully understand 
the mechanisms utilizad by peripheral blood lymphocytes 
during diapedesis. 

The experiments described supra have clearly 
8 shown the important role played by the o 4 ^ x receptor in ti 
adhesion of lymphocytes to vascular endothelial cells. 

All lymphocyte cell lines tested were shown to 



10 



express and/or by fluorescence analysis, and were 
observed to adhere to cultured human umbilical "vein 
endothelial cells. This adhesion was found to be blocked 
only by monoclonal antibodies directed toward 
antibodies directed toward other receptors were not found 
to have essentially any inhibitory effect, revealing the 
importance of the a u fi l receptor In the adhesive interaction 
between lymphocytes and endothelium* 

In addition, synthetic CS-1 and derivative 
peptides (Tables 9, 10, and 11) were found to inhibit . 
adhesion of lymphocytes to endothelium. The amino acid 
sequence EILDVPST was found to be particularly important to 
the interaction. It must be emphasized that it has not 
been determined whether the lymphocyte e 4 0 x receptor is, in 
fact, interacting with fibronectin on the endothelial cell 
surface. It is also possible that o^ is recognizing the 
peptide EILDVPST or a similar sequence, in the context of 
another, non-f ibronectin protein. 
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8. DEPOSIT OF CELL LINES 

The following coll lines havo boon dopositod 

with tho ATCC, Rockville, MD, and havo boon aooignod tho 
following accossion numbers: 

Coll Lino Accossion Number 

5 

P4C2 OT-10215 

P4G9 HB-10213 

P3E3 HB-10212 

P4C10 HB-10214 

Tho present invention is not to be limited in scope 
by the genes and proteins exemplified or deposited 
microorganisms which are intended as but singlo illustrations 

♦ 

of on* aspact. of tho invention. Indaad, various 
aodification* of tha invantion in addition to thoaa ahown and 
daaeribad harain will bocona apparant to thoaa slcillad in tha 
art from tha foragoing daaeription and accompanying figuraa. 
such aodificationa ara intandad to fall within tha acopa of 
tha appandad claiaa. 
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Aaerlcan Type Culture Collection 

12301 Parklavn Drive 
Rockville, MD 20852 
US 



Date of deposit: September 1, 1989 Accession Number HB-10213 
Date of deposit: September 1, 1989 Accession Number HB-10214 
Date of deposit: September 1, 1989 Accession Number HB-10215 
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WHAT IS CLAIMED ISt 

1. A method for inhibiting the adherence of 
lymphocytes to endothelial calls comprising exposing the 
lymphocytes to an effective amount of an antibody, or a 
fragment or derivative thereof, that binds to o401. 

2. The method of claim 1 in which the antibody 
is a monoclonal antibody. 

3. The method of claim 2 in which the antibody 
is.P4C2, deposited with the ATCC and having the accession 

number. HB- 10215* 

4. The method of claim 1 in which the antibody 
binds to 01. 

5. The method of claim 4 in which the antibody 
is P4C10, deposited with the ATCC and having the accession 

number HB-102U. 

6. A method for inhabiting the adherence of 
lymphocytes to endothelial cells comprising exposing the 
lymphocytes to an effective amount of peptide that binds to 

o401. 

25 7. The method of claim 6 in which the peptide 

is conjugated to an antibody targeted toward endothelial 

cells. 

8. The method according to claia 6 in which the 
30 peptide comprises at least a portion of the XXICS region of 
fibronectin, or a derivative thereof. 
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9. The method according to claim 6 in which the 
peptide comprises at least a portion of the CS1 region of 
fibronactln, or a derivative thereof. 

10. The method according to claim 6 in which 
8 tha peptide comprises at least a portion of tha sequence 

EILDVPST, a derivative thereof, or a substantially 
homologous sequence. 
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11. An antibody, antibody fragment or 
derivative thereof which may be used to inhibit the 
adherence of lymphocytes to endothelial cells. 

i 

12. An antibody, fragment, or derivative 
according to claim 11 which binds to the «401 receptor. 

13. The antibody of claim 12 which is a 
monoclonal antibody. 

14. The antibody of claim 13 which is P4C2, 
20 produced by the hybridoma deposited with tha ATCC and 

having tha accession number hb-40215. 

15. Tha antibody of claim 13 which is P4C10, 
produced by the hybridoma deposited with tha ATCC and 
having tha accession number hb-10214 . 

16. An antibody, fragment or darivativa thereof 
which recognizes an epitopa daf lnad by monoclonal antibody 
P4C2. 

17. Tha antibody, fragment or darivativa of 
claim 16, which competitively inhibits tha binding of 
monoclonal antibody P4C2. 
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18. An antibody, fragment or darivativa which 
recognizee an apitopa dafinad by monoclonal antibody P4C10. 

19. Tha antibody, fragment or darivativa of 
claim 16, which competitively inhibit* tha binding of 
monoclonal antibody P4C10. 

20. A pharmaceutical composition comprising an 
aff active concentration of antibody, antibody fragment, or 
derivative thereof, which inhibits the adherence of an 
extracellular matrix receptor on lymphocytes to endothelial 
cells in a pharmacologically suitable carrier. 

21. The pharmaceutical composition of claim 20 
in which tha antibody, fragment, or derivative binds to 
a4£l receptor. 

22. Tha pharmaceutical composition of claim 21 
in which tha antibody is a monoclonal antibody. 

23. The pharmaceutical composition of claim 22 
in which the antibody is P4C2, produced by tha hybridoma 
deposited with the ATCC and having the accession number. 

HB-10215. 

24. The pharmaceutical composition of claim 22 
in which tha antibody is P4C10, produced by tha hybridoma 
deposited with tha ATCC and having tha accession number. 

HB-10214. 

25. A pharmaceutical composition comprising an 
effective concentration of a peptide which inhibits the 
adherence of lymphocytas to endothelial calls in a 
pharmacologically suitable carrier. 
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26. The pharmacautical composition of claim 25 
in which tha paptida binds to a4*l* 

27. Tha pharmacautical composition of claim 26 
in which tha paptida comprisas at laast a portion of tha 

5 IIICS ragion of f ibronactin, or a darivativa tharaof. 

28. Tha pharmacautical composition of claim 26 
in which tha paptida coaprisas at laast a portion of tha 
CS-1 ragion of f ibronactin, or a darivativa tharaof. 

10 

29. Tha phannacautical composition of claim 25 
in which tha paptida comprisas at laast a portion of tha 
sequanca EILDVPST, a darivativa tharaof, or a substantially 
homologous saquanca. 

30. A mathod of pravanting lyaphocyta aigration 
into tissuas comprising administaring an affactiva aaount 
of an antibody, or a f ragaant or darivativa tharaof , which 
pravants tha adhasion of lyaphocytas to andothalial calls 
via an axtracallular aatrix racaptor to a sub j act in naad 
of such traataant. 

31. Tha Bathed of claim 30 in which tha 
antibody, f ragaant, or darivativa binds to o4Jl. 

32. Tha mathod of claim 31 in which tha 
antibody is a monoclonal , antibody. 

33. Tha mathod of claim 32 in which tha antibody 
30 is P4C2, dapositad with tha ATCC and having tha accassion 

numbar hb-10213. 
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34 . The method of claim 32 in which tha antibody 
is P4C10, deposited with tha ATCC and having tha aceaasion 
nuaibar RB-102U. 

35. A method of preventing lymphocyte Migration 
into tissuas comprising administering an af factiva amount 
of a paptida in a pharmacologically suitabla carriar, which 
pravants lymphocyta adhaaion to andotholial calls to a 
subject in naad of such traatmant. 
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36. Tha method according to claim 35 in which 
tha paptida binds to a401. 

37. Tha mathod according to claim 36 in which 
the paptida comprisas at laast a portion of tha IIICS 
region of fibronectin, or a darivatiava thereof . 

38. Tha mathod according- to claim 36 in which 
tha paptida comprisas at laaat a portion of tha CS1 region 
of fibronectin, or a darivatiava thereof. 

39. Tha mathod according to claim 36 in which 
tha peptide comprises at least a portion of tha aaquence 
EXLDVPST, a derivative thereof* or a aubstantially 
homologous sequence. 
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Attachment to Telephone Memo. 
Reasons for Holding Lack of Unity: 

I. Claims 1-5, 11-24, and 30-34. drawn to antibodies, 
methods of using, a pharmaceutical composition, and 
methods of treatment using the antibodies, classified 
In Class 424, subclass 85.41. 

TT. Claims 6-10, 25-29, and 35-39, drawn to peptides. 

methods of using, and a pharmaceutical composition, 
classified in class 514, subclass 8, 12, and 16. 

The inventions are distinct, each from the other because of 
the following reasons. The peptides and antibodies described are 
wholly different entities in regards to structure and function. 
Therefore, their methods of use and compositions containing them 
are also separate and distinct. 

Because these inventions are distinct for the reasons given 
above and acquired a separate status in the art as show/i by their 
different classification and divergent subject matter, and" 
because the sear-ohes for the individual Groups are not 
coextensive, a holding for lack of unity for examination purposes 
«s indicated is proper. 



